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OBJ  ECT  S. 

Thb  Association  contemplates  no  interference  with  the  ground  occupied  by 
other  Institutions.  Its  objects  are, — ^To  give  a  stronger  impulse  and  a  more 
systematic  direction  to  scientific  inquiryi — to  promote  the  intercourse  of  those 
who  cultivate  Science  in  different  parts  of  the  British  Empire,  with  one  an- 
other,  and  with  foreign  philosophers, — to  obtain  a  more  general  attention  to 
tlie  objects  of  Science,  and  a  removal  of  any  disadvantages  of  a  public  kind 
which  impede  its  progress. 

RULES. 

ADMISSION  OP  MEMBERS  AND  A:jS0CIATE9. 

All  Persons  who  have  atteiKicd  the  first  Meeting  sliall  be  entitled  to  be- 
come Members  of  tlie  Association,  upon  subscribing  an  obligation  to  con* 
fbrm  to  its  Rules. 

The  Fellows  and  Members  of  Chartered  Literary  and  Philosophical  So« 
cieties  publishing  Transactions,  in  the  British  Empire,  shall  be  entitled,  in 
like  manner,  to  become  Members  of  t!ie  A'^soriation. 

The  OiHcers  and  Members  of  the  Councils,  or  Managing  Committees,  of 
Philosophical  Institutions,  shall  be  entitled,  in  like  manner,  to  become  Mem- 
bers of  the  As^iociution. 

All  Members  of  a  Philosophical  Institution  recommended  by  its  Council 
or  Managing  Committee,  shall  be  entitled,  in  like  manner,  to  become  Mem- 
bers of  the  Association. 

Persons  not  bclonj^ing  to  such  Institutions  sliall  be  elected  by  the  General 
Conmiirtee  or  Council,  to  become  Life  NTpmbLTs  of  the  Association,  Annual 
Subscribers,  or  Associates  for  the  year,  subject  to  the  approval  of  a  General 
Meeting. 

COXPOSITIONS,  tUBSORtPnOKS,  AND  FElTttCGBS. 

Lif  fi  Members  shall  pay,  on  adaiissiuu,  the  sum  of  Ten  Pounds.  They 
shall  receive  ^ra<«tlott«/y  the  Reports  of  the  Association  which  may  be  pul^> 
lished  after  the  date  of  such  payment.  Tliey  are  eligible  to  all  the  offices 
of  the  Association. 

Annual  Subscrtdkrs  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
and  in  each  fullovvini»  year  the  sum  of  One  Pound.  They  shall  receive 
gratuitouslij  the  Reports  of  tiio  Association  for  lise  year  of  their  admission 
and  ibr  tlie  years  in  which  they  cuuiinue  to  pay  niUhout  intermlsiion  their 
Annual  Subscription.  By  omitUoA  to  pay  this  Subscription  in  any  particu- 
lar year.  Members  of  this  class  (Annual  Subscribers)  lose  for  that  and  ail 
jfaiure  years  the  privilege  of  receiving  the  volumes  of  the  Association  groHs  : 
but  they  may  resume  their  Membcrsliip  and  other  privileges  nt  any  sub- 
sequent MectinjT  of  tlie  Association,  paying  on  eaclt  such  occasion  the  sum  of 
One  Poun'l,    Tf^ey  arc  cligiljle  to  all  the  Offices  of  tlie  Association. 

AssociAXis  for  tlie  year  sljall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratmUwiy  the  Reporto  of  tlie  Association,  nor  be 
eligible  to  lerre  on  Committees^  or  to  hold  any  office* 
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XTlii  RULSB  OP  THE  ASSOCIATION. 

The  Association  consists  of  the  following  classes 

1.  I;ifc  Members  admitted  from  1831  to  1845  inclusive^  who  have  paid 
on  admission  F»ve  Pounds  as  a  composition. 

2.  Life  Members  who  in  1846,  or  in  subsequent  years,  have  paid  on  ad- 
mission 'i'en  Pounds  as  a  composition. 

5.  Annual  Members  admitted  from  18S1  to  1839  racluMve«  aubject  to  the 
payment  of  One  Pound  annually.  [May  resume  their  Membership  after  in- 
termission of  Annual  Payment.] 

4.  Annual  Members  admitted  in  any  year  since  18S9,  subject  to  tbo  pay- 
ment of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each  follow  mg 
year.  [May  resume  their  Membership  atter  intermission  of  Annual  Pay- 
ment. 1 

9*  Associates  fbr  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
volume  of  Reports,  gratis,  or  to  purchase  it  at  reduced  (or  Members')  price^ 
a^ording  to  the  followmg  spccilication,  viz.: — 

1.  Gratis. — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition ior  Annual  Payments,  and  previous  to  1845  a  lurtlier 
sum  of  Two  Pounds  at  a  Book  Subscription,  or,  since  1 845»  a 
further  sum  of  Five  Pounds. 
New  Life  Members  who  have  paid  Ten  Pounds  as  a  com- 
position. 

Annual  Members  who  have  not  iotermitted  their  Annual  Sub* 

scription. 

<8.  At  reduced  or  Members*  Prices,  viz.  two-tliirds  of  the  Publication 
Price. — Old  Lile  Members  who  have  paiti  Live  Pounds  as  a 
composition  for  Annual  Payments,  but  no  further  sum  as  a 
Book  Subscription. 
Annual  Members,  who  have  intermitted  their  Annual  Subscrip* 
tion. 

Associates  for  the  year.    [Privilege  contined  to  the  volume  for 
that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 
of  the  first  seventeen  volumes  of  Transactions  of  the  Associa* 
tion,  andtfwhkih  more  than  100  copies  remom,  at  one-third  of 
the  Publication  Price.  Application  to  be  made  (by  letter)  to 
Messrs.  Taylor  &  Francis,  Red  Lioo  Court,  Fleet  St.,  London. 
Subscriptions  shall  be  reeeived  by  the  Treasurer  or  Secretaries. 

MEETINGS. 

The  Association  shall  meet  annually,  for  one  week,  or  longer.  The  place 
of  each  Meeting  shall  be  appointed  by  the  General  Committee  at  the  pre- 
vious Meeting  \  and  the  Arrangements  for  it  shall  be  entrusted  to  the  Offi- 
cers of  the  Association. 

GIWBItAL  COKMITTEB. 

The  General  Committee  shall  sit  during  the  week  of  the  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.   It  shall  consist  of  the 

followinc^  persons  r — 

1.  Presidents  and  Olficers  for  the  }iresent  and  preceding  years,  with 
authors  of  Reports  in  the  Transactional  of  the  Association. 

t.  Members  who  have  communicated  any  Paper  to  a  Philosophical  Society, 
which  has  been  printed  in  its  Transactions,  and  which  relates  to  such  subjects 
as  are  liken  into  consideration  at  Uie  Sectwnal  Meetings  of  the  Assoeiation* 
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S.  Office-bearers  for  the  time  being,  or  Delegates,  altogetlier  not  exceed- 
iog  three  in  number,  (Votn  any  Philosophical  Society  publishing  Transactioni. 

4.  Office-bearers  for  tlie  time  being,  or  Dcleg-.ttes,  not  exceeding  three, 
from  Pliiloso])]iical  Institiiiiotis  cstabli-^hed  in  the  place  of  Meeting,  or  in  any 
p]ac«  where  the  Association  has  formerly  met. 

5.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and  wlio 
are  specially  nominated  in  writing  for  the  Meeting  of  the  year  by  the  Presi- 
dent and  General  Secretaries. 

6.  The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  Sections  are 
€g-<0mo  members  of  the  General  Committee  for  the  time  being. 

SB«TIONA£  COMMmBBS, 

The  General  Comratttee  shall  appoint,  at  each  Meeting,  Committees,  oon- 

sisting  severally  of  the  Members  most  conversant  with  the  several  branches 

of  Science,  to  advise  together  for  the  advancement  thereof. 

The  Committees  shnll  report  \v!iat  subjects  of  investigation  they  would 
particularly  recoimnLiul  to  lie  prosecuted  during  the  ensuing  yeari  and 
brought  under  constdcraiion  ai  the  next  Meeting.  ; 

The  Cdromittees  shall  recommend  Reports  on  the  state  and  progress  of 
particular  Seiencesi  to  be  drawn  np  from  time  to  time  by  competent  persons* 
ibr  the  information  of  the  Annual  Meetings. 

COMMITTEE  OF  RECOMMENDATIONS. 

The  General  Committee  siiall  appoint  at  each  Meeting  a  Comnuttee,  winch 
ahsll  receive  and  conbider  the  Recommendations  of  the  Sectional  Committees, 
and  report  to  the  General  Committee  the  measures  which  they  would  advise 

to  be  adopted  foT  the  advancement  of  Science* 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Re* 
searches,  and  Reports  on  Scientific  Subjects,  slinll  be  submitted  to  the  Com- 
mittee of  Recommendations,  and  not  taken  intfj  Lonsideration  by  the  General 
Committee,  unless  previously  recommended  by  the  Committee  of  Kecom- 
roeiidations« 

LOCAL  COKMITTBBS* 

Local  Committees  shaU  be  formed  by  the  OflBeers  of  the  Association  to 
asaist  in  making  arrangemenu  ibr  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbers  those 
Members  of  the  Association  whose  assistance  they  may  desire, 

OFFICERS. 

A  President,  two  or  more  Vice-Presidents,  one  or  more  Secretaries,  and  a 
Treasurer,  shall  be  anntially  appointed  by  the  General  Committee* 

COUNCIL. 

In  the  intervals  of  the  Meetings,  the  afliiirs  oi  tlie  Association  shall  be 
managed  by  a  Council  appointed  by  the  General  Committee,  The  Council 
may  also  assemble  for  the  despatch  of  business  during  the  week  of  the 
Meeting. 

PAFBBS  AMD  COMMnittCATlOllS. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to  reserve 
his  right  of  property  therein. 

ACCOUNTS. 

The  A  ccounts  of  tlic  Association  shaU  be  audited  annually,  by  Auditors 
appointed  by  the  Meeting. 
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n.  Table  shoimig  the  Names  of  Members  of  the  Britiflli  AsMKsiation  who 
have  served  on  the  Council  in  former  yeexs. 


Abcrdwn.  Enrl  of,  IX.D.,  KG^  ILT., 

FJLS.  (dec<). 
Acland,  Sir  Thomas  J>^  Btrt,  FJt.8. 
Aclsnd,  Profeeeor  U.  W..  M.D., 

Adams.  J.  ConH,  M  A.,  F.R.S. 

Adamson.  JoLj;.  E-*q.,  F.L.S. 

Ainalie,  Kor.  GUbert,  D.D.,  MmIw  of  Ftad- 

broko  Hall,  Cambridge 
AirjfQ.  B.,D.C.L.,F.R.8.,Astronomcr  Kojal. 
Aliaon,  ProfeaeorW.  P.,MJ>^FJIj8JB.(clMi'). 
A  Urn,  W.  J.  C,  Esq. 

Ajideraon,  Prof.  Thomas,  M.D. 
Anstod,  Ttdtmor  J>.  T.,  M.A.,  FJtA 
Argyll,  George  Douglaa.  Duk»o(  F.B.8. 
Amott,  aeil,  M.D.,  F.R.S. 
Aahburton.  William  Bingham,  Lord,  D.C.L. 
Atkinson,  Bt.  Hon.  R.,Lord Mayor  of  Dublin. 
Babbnp-,  Oiarlcs,  E*q..  M.A.,  *F.B.S. 
Babington,  Professor  C.  C  M.A.,  F.R.S. 
Baily,  FranciB,  E^^tj    I  MI  S  (deccfl.«o«i  k 
Baitics,  Rt.  Hon.  M.T.,  M.A.,  M,P.  (dec^). 
Baker,  Thomas  Burwick  Llojd«  F>q. 
Bdfoar,  Profetsor  John  H.,  M.D  ,  F.R.S. 
Barker.  George.  Esq.,  F.R.S.  (deoeiaed). 
Beamish,  Bichard.  Esq.,  F.B^S. 
Bdl,  Prof««or  Thoniaa,  Fr«.  LA,  F.R& 
E<^txhey,  R<>nr- Admiral,  FJL&L  (deoOMlod}. 
Bengough,  George,  Esq. 
BenUiam,  George,  Esq.,  FX.S. 
Biddell.  Qeonrgb  Arthur,  Bsq. 
T?ipu'<^,  Clmrles,  Esq. 
Jilakieioii,  TtTton,  M.l).,  F.R.S. 
Boileau,  Sir  John  P.,  Bart,  F.B.8. 
Boyle,  Rt  Jlon.  D.,  Lord  Justiee-Gen'.  (dec^). 
Bn»dy,The  Rt.  Hon.  Maaere,  M.B.I^.,  Lord 

Chancellor  of  Ireland* 
Brand.  William,  Ef-q. 

Breadalbone,  Jolm,  Marquis  of,  K.T.,  F.Bj3. 
2hvwil<ff,  Sir  Daiid,  K.Br.p  DXXL^  JJmD^ 
F.R.S.,  PrioeipAl  of  the  Univerrifj  of 

Edinbur;^ 
Bridbane,  GoMral  Sur  Thomaa  SC.,  Bart, 

K-C.B.,  G.C.n.,  D.C.L.,  F.R.S.  (doc-). 
Brodie.  Sir  B.  C,  Bart,  D.C.L.,  Prtfc  ILS. 
Bnwke,  Cliarles,  B.A.,  F.R.S. 
Brown,  Robert,  D.C.L .  F.R.S.  (deceased). 
Brunei,  Sir  M  I   F  R  S  fdecea«.e<T). 
BuckUnd,  Yei  v  Kcv.  \\  li  Wnm.  D.D..  F.R.S., 

Dean  i  f  W  estniinxter  Cdtx-oaacd). 
Bute,  John,  Mjinpiis  of.  K.T.  (deeeaeed). 
Carl^  George  WiU.  Fred..  Earl  of,  F.B.S. 
OanoB,  Ber.  Joseph,  F.T.C.D. 
Oitbcart,  Lt..G«n.,Earlof,  K.OJL,  FJLSJS. 

(deoeaaod). 
ChaoMn,  BoT.  T.,  D.D.  (deemscd). 
Chance,  James.  Evj. 

Chester,  John  Graham,  D.D.,  Lortl  Bishop  of. 

Christie,  Professor  8.  H.,  MAu,  F.R.S. 

Clare,  Peter,  Esq..  F.R.A.S.  (deceased). 

Hark.  Key.  Prof.  M.D.,F^.(Cainbndge.) 

Cbrk,  irenry.  M.D. 

Clark,  (V.  T.,  Esq. 

Qear,  WiUiaiii,  Seq.  (deoesMd^ 


Clerke,  Major  S.,  K.IT..  R.E.,  F.R.S.  (dec*). 

Clift,  William,  Em.,  FMJi.  (doceasetl). 

Close,  Very  Rev.  F.,  M.A.,  Dean  of  Carlisle. 

Cobbold,  John  Chetalier,  Esq.,  M.P. 

Colquhotm,  J.  C,  Esq.,  M.P.  (deiyn'«  *lV 

Conybearc,  Very  llvv,  W.  D.,  Dcaa  ot  LUti- 
dafi*  (deceased). 

Cooper,  Sir  Henry,  M.D. 

Corrie,  John,  Esq.,  F.R.S.  (deoeaied). 

Crum,  Walter,  Esti.,  F.R.S. 

Cnrrie,  William  Wallai-e.  Esq.  CdeoeaJHMl). 

Dalton.  John,  D.C.L.,  F.Rii.  (deceased). 

Danidl,  Profflanr  J.  F.,  F.R8.  (daonsed). 

Dartmouth,  Willian),  Earl  of,  D.C.T^,  F.BJ. 

Darwin,  Charles,  Esq.,  M«i.,  F.R.S. 

Bmbeny,  Prof  Chartoi  G.B.,  M.D.,  F.R.S. 

DelaBeche,Sirn.  T..  C.B.,  F.R.S  .  Director- 
Gen.  Geol.  Stirr.  Fnited  lvitigdom(doc*). 

Do  la  Rue,  Wurren,  Ph.D  ,  F.KS. 

Dertoshire,  William,  Duke  of,  M.A.,FJtJ9w 

Dickinson,  Joseph,  :M.D.,  F.R.S. 

Dillwyn,  Lewis  W.,  E^q.,  F.R.S.  (deceased). 

Drinkwater,  J.  E.,  E.«»q.  (deoDaaed). 

Dncje,  The  Earl,  F.R.S. 

ZhuraTen,  The  Earl  of,  F.Ra 

H^gerton,  Sir  P.  de  IL  GMrf,  Bark,  ILF., 

BUot.  Loni,  M.P. 

Elle«mere,Firaneifl,Earlof,F.G.S.  (deo'). 

Enniskillen,  William,  F^rl  of,  D.C.L.  F.R3. 

Estcourt,  T.  G.  B.,  D.C.L.  (deeeased). 

Fairbairn,  William,  LL.I).,  C'.E.,  F.R.S. 

Faraday,  Professor,  D.C.L,  F.B.8. 

FitrRoT,  Rear  Admiral.  F.R.S. 

Fitzwiliiani,  The  Earl,  D.C.L.,  FJLS.  (dec^). 

Fleming,  W.,  M.D. 

Fletcher,  Bell,  M.D. 

Foote^  Lundy  R,  Esq. 

Forbea,  Cham,  Esq.  (deeeaaed). 

Forbt^,  Prof.  Edward,  F.R.S.  (deeeawxl). 

Forbes  Prof.  J,  D..  F.R.8..  Sec. 

Foi,  Bobert  Were.  Esq.,  TJtA 

Prost,  Charles,  F.S.A. 

Fuller,  Professor,  M  A. 

Gsmot,  John  P.,  F.R.S. 

Gilkrt,  Da  vies,  D.C.L.,  F.R.S.  (doocaaed). 

Oourlie.  A\'illinni.  Ejiq.  (deceafied). 

Ondiam.  T.,  M.A..  F.R.S.,  Master  of  the  Mint, 

Gray,  John  E.,  E.-q.,  Ph.D.,  FRft 

Grny.  Jonatlian,  Ff'q.  (dcceaaed). 

Gray,  William,  Esq.,  F.O.S. 

Green,  Prof.  Joaeph  Hetuy,  D.C.L.,  FJt.8. 

Greetioiiftb,  G.  B.,  Kh(|..  F.R.S.  (deeeaped). 
Grifiith,  Sir  R.  Griffith,  Bt.,  LL.D.,  M-BXA. 
Orore,  W.  B.,  Esq.,  M.A.,  P.B.S. 
HaUam,  Henry,  Esq.,  M.A.,  F.R.S.  (dec'). 
Hamilton,  W.*J..  Esci.,  P.R.8..  For.  Sec.  G.S. 
Hamilton,  Sir  Wm.  R.,  TJj.D..  Atitronomcr 

Roval  of  Ireland,  M  R.I.A.,  F.BJkj3. 
Hancock,  W.  Ncilson,  LL.D. 
Harcourt,  Rev.  Wm.  Vernon,  MJL,  F.R.S. 
Kardwickc,  Charles  PhiUp,  Earl  <rfl  F.&8. 
Haribvd,  J.  &,  X>.ai^  FJBJ9. 
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Harris,  Sir  W.  Snow,  F.Ka 
Harrowby,  The  Earl  of,  F.RS. 

Hatfeild.  William.  Esq..  F.G.S.  (dccra^fl). 
Henry,  W.      M.D.,  F.B.S.  [CoL,  iidlMt. 
Henry,  Ber.  P.  8.,  D.D.,  Praridentof  Qaean't 
irrrJow.  R'v.  Profes.^f.r.  M.A..  F.L.S.(eloc''). 
Herbert,  Hon.  and  Very  Rev.  Wm,,  LL.D., 

F.L.S.,  Dean  of  Manchester  (dec^. 
HerachelSir  JohnF.W.,  Bart.,D.C.L.,  F.R.S. 
Heywood,  Sir  Benjamin,  Bart., 
Heywood,  .Tamos,  K«|.,  F.R.S. 
Hill,  R*;v.  Kdwani.  M.A..  F.G.S. 
Hinck«,  Rev.  F>(iward.  D.D.,  MJLUL 
Hindu,  Ber.  Thomu,  B.A, 
Hindt,Sw,D.DMlat»LoidMiopofKovwMlL 

(deoeancd). 
Hodgkin,  Thomaa,  M.D. 
Hbd^^dnioii,  Pfofeww  Baton,  PtB.B. 
Hodgson,  Joseph,  Em.,  F.R.iS. 
Hooker,  Sir  William  J.,  LL.D.,  FJLS. 
Hope,  Her.  P.  W.,  M.A..  F.R.S. 
Hopkins,  William,  Esq.,  M.A.,  F.R.S. 
Homer.  Leonard.  E<q  .  F.R.S.,  F.QJS. 
Hovendcn,  V.  F.,  Es<i.,  M.A. 
Hugall.  J.  W.,  Esq. 
Hutton.  Robert,  Esq.,  F.G.S. 
Hutton.  William,  Esq.,  F.G.S. 
Ibbetflon,Ca}>t.L.L.Bo8cawen,KR.S.,P.(}.S. 
Inglis,  Sir  R.  H..  Bnri.,  D.C.L.,M.F.  (defl*). 
Inman,  TbomaH, 
Jaooba,  BeliMl.  Biq. 

Jameson,  Profewor  R..  F.R  S.  fdeceaised  i. 
Jardine,  Sir  William,  Bart,  F.E.S.E. 
Jeffreys,  John  Chryn,  Esq.,  F.'BM, 
Jellett,  Rt'V.  Professor. 
Jenyns,  Rev.  Leonard,  F.L.S. 
Jernird,  H.  B.,  Esq. 

JduMfeoiif  Right  lion.  WilUanii  lato  Lord 

Provost  of  Kdinburffh. 
Johnston.  Prof.  J.  F.  W..  M.A..  F.R.S.  (dec-*). 
Keleher,  William.  Esq.  (tUH'eu.«ied). 
Kelland.  Rev.  I'rofcssor  P.,  M.A. 
Kildare,  The  Marquia  of. 
Laakarter,  Bdwin,  ILB.,  P.B.S. 
Lwisdowne,  ITcn.,  Marquisof,  D  C.L.,F.RJ8. 
Laroom,  Mivjor.  RJi:.,  LL.D.,  F.R.S. 
Lardner,  Ber.  Dr.  (deoeaaed). 
ZixH^A].  WiUiam,  Esq..  F.R.S.  1.  A  B. 
Latham,  R  G.,  M.D.,  F.B.8. 
Lee,  YeiT  Bev.  John,  D.D.,  F.B.S  JS.,  Prin- 

atoal  of  the  Univcnifef  of  BdinlwDgh. 

fdooeaaod). 
Lee,  Robert,  M.D.,  F.R.S. 
LefeTre,  Right  Hon.  Charles  Sham,  late 

Speaker  of  the  House  of  Commona. 
Lemon,  Sir  Cliarles,  Bart..  F.R.S. 
LiddeU,  Andrew,  Esq.  (deooased). 
Lindley,  Profee.-«or  John,  Ph.D..  F  R 
Listowei,  The  Earl  of.        IDubUn  (decO. 
Lloyd,  Bar.  B.,  D.D.,  PkOfoalof  Trin.  Coll., 
Lloyd,  Rev.  If  .  D.D.,  D.C.L..  F.R.S.  L.&E. 
Londeaborougli,  Lord,  F.B.S.  (deceased}. 
Lubbock,  Sir  John  W.,  Bart,  M.A.,  F.B.S. 
Bey.  Thomas. 

BSir  Charlee,  M.A.,  F.R.S. 
ullagh,  Prot,  D.C.L,  M.B.LA.  (dec"). 


MacDonneU.  Bev.  B.,  D  J).,  M.B.LA.,  Pro- 
Toit  of  Trinity  Collaga,  DabUa. 

Mnefarlane.  Tlie  V( TV  Rev.  PrindpaL  (dao*). 
AlacGeo,  William,  M.D. 
I    MaoLeay,  WilUam  Sharp,  Esq.,  F.L8. 
MacNeill,  Professor  Sur  John,  VJtS. 
Malahide,  The  Lord  Talbot  de. 
Makx)lm.Vico-Ad.  Sir  Clmrlcs,  KC.B.  (dec^). 
Maltby,  Edvrard,  D.D.,  F.R.S.,  late  Lord 

Bishop  of  Durham  (decca-^*"*!). 
Mandiet^tcr.  J.  V.  Lee,  D.J).,  I^^rd  Bishop  ot 
Marshall,  J.  G..  Esq.,  M.A  ,  F.aJS. 
May,  Charlo*,  Esq.,  F.R.A.S. 
Meyuell,  Thomas,  Esq.,  F.L.S. 
Middleton,  Sir  William  P.  P.,  Bart 
■\rill.'r,  Pmfcssor  W.  A.,  M.D..  F.R.S. 
MiUer,  Profeeeor  W.  H.,  M.A.,  F JLS. 
Mdllet,  J.  D.,  Esq.  (deceased). 
:\rUne8,  R.  :Monckton.  E.-*q.,  D.OI1.,  ItP. 
Moggridge.  Matthew,  Esq. 
Monteagle,  Lord,  F.R.S. 
Mood v,  J.  Sadloir,  Eaq. 
Moody,  T.  IT.  C  Esq. 
Moody,  T.  F.,  E-q. 
MorlfV,  The  Earl  of. 
Mo»('U\v,  Rev.  Jlenry.  M.A.,  F.R.S. 
Mount- Etlgeeumbe,  Ernest  Augu8tuft,£arl  of. 
Murchison,  Sir  Roderick  I  , G.C.  SUSl,  P.Bj|. 
NoiU,  Patrick,  M.D.,  F.BjSJ&. 
^lool,  v.,  M,D. 

Niool,  Frofenor  J.,  P.B.8.B.,  P.G.8. 

Nicol.  Rev.  J.  P.,  LL  T). 
Northampton,  Snenoer  Joshua  Alwyue,  Alar- 

quia  cl  Y.P.B.S.  (deoeafled). 
Kortluunberland.  Hugh,  Da]BeoC,K.G.,lLA., 

F.R.S.  (docease<l). 
Ormerod,  G.  W.,  Esq.,  MJL»  P.QJS. 
OnM>n,  Thomas  Herbert,  M.D.  (daoeiied). 

Orpen.  John  H..  LL.D. 
Osier.  FoUett,  Enq..  F.R.S. 
Owen.  Professor  Rirhd.,M.D.,D.C  L.,F.R  .?. 
Oxl'ord.  Samuel  Wilberforce,  DJD.,  Lwrd 

Bishop  of,  F.B.S.,  F.G.8. 
Palmerston,  Yisoount,  Q.C.B.,  M.P. 
Peacock,  Vt-ry  Rev.  G.,  D.D.,  Dean  of  E^, 

F.R.S.  (deceased). 
Peel,BtHon.SirB.,Bart.,M.P.,D.O.L.(dec'). 
Pendarve?.  F  W..  Esq.,  F.R.S.  (deceased). 
Phillips.  Professor  John,  M  JL,  LLD.,F.Bil. 
PigottThe  Bt  Hon.  D.  B.,  M.B.IJL,  Lo«l 
Ciiief  Baron  of  the  Exchequer  inlrelaDd. 
Porter,  G.  R.,  Esq.  (deceased). 
Portlock,  General,  R.E..  F.R.S. 
Powell,  Rev.  Professor.  M.A.,  F.R.S.  (daoO* 
Price,  Rev.  Professor,  M.A..  F.R  S. 
Prichard,  J.  C,  M.D..  F.R.S.  (deceased). 
Ramsay,  Profeoor  William,  MJL 
RansH>nu\  Ge^^r^^'c.  Esq..  F.L.S. 
Keid,  M^.-Gin.  Sir  \V.,£.C.B.,B.E.,  FJELS. 
(deoeased). 
'  Rendlcfham,  Kt.  Hon.  Lord,  HP, 
Ronnie,  Geoi^o,  E^.,  F.B.S. 
Bennie,  Sir  John,  F.B.S. 
Bichardson,  Sir  John,  M.D.,  C.B.,  F.B.8. 
Richmond  Duke  of,  K.G.,  F.B.S.  (d«0*). 
Bipon,  Eari  of,  F.R.G.S. 
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Ritchie,  Ber.  ProL,  LLJ>^£'JUS.  (dec-). 

Bobinson,  Capt.,  KJL 

Botnnaon,  Rer.  J..  D.D. 

Robin!»OTi,  Ror.  T.  R,  D.D..  F.H.A.S. 

Robi-*on.  Sir.Iohn.  Scc.RS.Edin.  (deceased). 

Roc-he,  Jiimes,  y.-i[. 

Boget,  Peter  Mark.  if.T)., 

BopaldB,  Francis,  F.K.8. 

Bonberj,  Tbe  Earl  of,  KT.,  D.C.L.,  F.Ra 

R^'^^  Roar- Ad.  Sir  J.  C.,B.N.,  D.C.L.,  F.R.8. 

BoMse,  Win.,J£arloi;  M^,FJft.S.,MJl.I.A. 

Bojle,  Trot.  Jbba  F.,  IID.,  FJLS.  (deo^). 

Ru.«sell.  James,  Esq.  (dcocH^xl). 

RuMell,  J.  Scott,  Esq.,  F.R.8.  [V.P.B.S. 

Sabine,  Maj.-Gtmeral,  R.A..  D.C.L.,  Treat,  k 

Sanders,  William,  Esfi-  7  ri  S. 

Scorrsbv.  Rcr.  W..  D.D.,  F.R.S.  (deooaacd). 

Sedgwick,  Rot.  Prof.  Ailam,  M.A.,  F.RS. 

Selbv,  Fridoaux  Jolm,  Esq.,  F.R.S.E. 

SlmrVy.  Professop,  ILD.,  Sea&S. 

Bims,  Dillwjn,  £«q. 

Bmitii^  Lioai-Coloiiel  C.  HamilftQii,  FJLS. 

Smith,  James.  F.RS.  L.  &  B. 

Bpenos,  WiUiam,  ]BB^F.Bb8.  (deceased). 

Stanley.  E<ln-ard,  DTD..  F.R.S.,  Ut«  Lord 

Ritbop  of  Norwich  fdeceaaed). 
Btttontoti^  Sir  G.  T.,  Bt.,  H.P.,  D.C.L.,  F.RS. 
St.  David's,  C.Thirlwall,D.D.,LatdBilliopo£ 
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Dr.  Van  der  liocvcn,  Leyden, 

Prof.  E.  Veidet,  PwU, 

Baron  Sartorioe  von  Walteiabenaeii« 

Gbttintjen. 
Professor  Wartmaun,  Geneva. 


Report  of  the  Council  of  the  British  Association,  presented  to  the 
General  Committee  at  Oaiford,  June  27,  I860. 

1.  The  Coiincil  were  instructed  by  ihe  General  Committee  at  Aberdeen 
to  meiDtain  the  establiilmK nt  at  Kew  Observatory  by  aid  of  a  grant  of  £500> 
ThCT  have  received  (he  following  Report  of  the  Committee  to  whom  the 
worfciog  of  the  Observatory  is  entrusted. 
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S.  The  eootinuance  of  Magnetic  Observatioiift  at  stations  indicated  by  the 

General  Committee  at  the  Leeds  Meetin*]:;,  has  engaged  the  attention  of  H.K.H. 
the  President,  and  of  the  Council ;  and  they  have  had  the  advanla^^e  of  co» 
operation  on  the  part  uf  the  Trc^iident  and  Council  of  the  Koyai  Society. 
Every  meaos  has  been  adopted  for  pressing  the  subject  on  the  favourable 
atteotloD  of  the  Goveriiment,  but,  it  is  to  be  regretted,  hitherto  without 

•uccess. 

3.  The  importance  of  telegraphic  communication  between  sea-ports  of  the 
British  Isles,  has  been  the  subject  of  much  attention  since  it  was  urged  on 
the  General  Committee  by  the  Aberdeen  Meeting.  The  Council  are  happy 
to  fiud  that  Admiral  FitzKoy  has  beeu  authorized  to  proceed  in  bringing  to 
SI  practical  ifsue  the  recommendatioiu  offered  on  this  subject  to  the  seieutific 
department  of  the  Board  of  Trade;  and  they  congratulate  the  Association 
on  the  share  they  have  taiien  in  a  cause  so  dear  to  humanity. 

4.  The  expedition  suggested  by  the  Royal  Ger)<jrnphical  Society,  and  con- 
curred in  by  the  General  Committee  of  thn  J^nUsh  Association,  is  on  its 
way }  Capt.  Speke,  under  tlie  direction  of  the  Admiralty,  with  his  assistaut, 
Capt*  Grant,  having  sailed  from  Zansibar.  Sir  B.  I.  Murchison,  hi  reporting 
on  this  sul>|ect,  expretaes  the  obligation  which  is  felt  by  the  promoters  of  thif 
great  step  for  the  exploration  of  AlHca,  to  I^ord  John  Russell,  Seeretaiy  of 

State  for  Foreign  Affairs. 

The  Ht  port  of  the  Farlianientnry  Committee  is  received  for  presentation 
to  the  General  Committee  this  day. 

5.  At  the  Meeting  thb  davi  in  pursuance  of  the  Notice  placed  in  the 
Minutes  of  the  General  Committee  at  Al>erdeen,  it  will  be  propose — ^**That 
a  permanent  distinct  Section  of  Anatomy  and  Physiology  be  established,  in 
addition  to  that  of  Zoology  and  Botany.'* 

The  Council  are  informed  that  Invitations  will  be  presented  to  the  General 
Committee  at  its  Mfptincr  on  Monday,  July  2,  to  hold  the  next  MeeLitig  ia 
Manchester ;  on  bchuli  ul'  the  Literary  and  I'hiiosophical  Society  of  Man- 
Chester,  and  other  Institutions  and  Public  Authorities  of  thai  city,  from  whom 
Invitations  were  received  at  previous  Meetings* 

Invitations  will  also  be  presented  to  hold  an  early  Meeting  in  Newcastle, 
on  behalf  of  the  Council  and  Borough  of  Newcastle-upon-Tyne,  and  to  hold 
a  Meeting  in  Birmingham  in  1862,  on  lieUalf  of  the  Birmingham  and  Midland 
Institute. 

Report  qf  the  Kew  Committee  of  ihe  British  Association  for  the 
Advancement  o/  Science  Jar  1859-1860. 

Since  the  last  Meeting  of  the  British  Association,  the  self-recording  mag- 
netographs  hnve  been  in  constant  operation  under  the  able  supeiintendenQe 
of  Mr.  Chambers,  the  mygnetical  assistant. 

A  description  of  these  instruments  has  been  given  by  Mr.  Stewart,  the 
Superintendent,  in  a  Report  which  is  printed  in  the  Transactions  of  the  Britidi 
Association  for  1859.  The  drawings  for  the  plates  connected  with  this 
Report  were  made  with  much  skill  by  Mr.  BecUey,  the  mechanical  asnstant 
at  Kew. 

It  was  mentioned  in  the  last  iieport  of  this  Commiitc( ,  thsit  a  fet  of  self- 
recording  magnetic  instruments,  designed  for  the  first  of  the  Colonial  Obser- 
vatories  which  ha?e  been  proposed  to  Her  Majesty's  Government,  bad  been 
completed  and  set  up  in  a  wooden  house  near  the  Obsenratoiy. 

Shortly  after  the  meeting  at  Aberdeen,  the  Chairman  recei?eda  letter  from 
Dr.  P.  A.  Bergsma,  Geographical  Engineer  for  the  Dutch  poisesiioiis  in  the 


Digitized  by  Google 


acxxii 


RBPORT— 1860. 


Indian  Arehipolngo.  roqueating  that  the  Committee  would  assist  him  In  pro- 
curing a  set  of  self-recording  magnetic  differential  instruments  similar  to 
those  at  Kcw,  the  Dutch  Goveromeiit  having  resolved  to  erect  such  at  their 
Observatory  at  Java. 

In  consequence  of  this  application,  and  as  the  iustrumenis  which  iiad  been 
completed  were  not  immediately  required  for  a  Brttbh  Observatory,  it  was 
resolved  that  they  should  be  assigned  to  Dr*  Bergsma ;  this  gentleman  has 
sinoe  arrived,  and  has  for  the  last  few  weeks  been  engaged  at  the  Observatoiy 
in  the  examination  of  hh  iii^trumonts. 

The  usual  monthly  absolute  determinations  of  the  magnetic  elements  con- 
tinue to  be  made. 

Application  having  been  made  through  Padre  Secchit  of  the  Collegio  Ro< 
mano*  for  a  set  of  magnetic  instruments,  for  both  differential  and  absolute 

determinations,  for  the  Jesuits'  College  at  Havanna,  the  whole  to  cost  600 
dollars,  or  about  £150,  Genpral  Sabine  obtalnec!,  at  a  reasonable  price,  the 
three  man:netoinctcre  that  had  formerly  been  employed  at  Sir  T.  Brisbane's 
Observatory  at  INIakerstoun,  and  also  an  altitude  and  azimuth  instrument. 
With  these  instruments  it  is  expected  that  the  application  from  Havanna 
Observatory  can  be  met  within  the  sum  named;  the  instruments  are  now  In 
the  hands  of  the  worlcmen,  and  will  be  ready  early  in  July. 

Two  uniHlars,  supplied  by  the  late  Mr.  Jones,  for  the  Dutch  Government 
(one  for  Dr.  Bergenia,  and  the  other  for  Dr.  Biiys  Ballot),  have  had  their 
constants  determined.  Observations  have  also  heen  made  with  two  9-inch 
dip-circles  belonging  to  General  Sabine,  which  have  been  repaired  by  Barrow, 
and  with  two  dip-circles  and  a  Fox*s  instrument  designed  for  Dr.  Bergsma. 

A  set  of  magnetical  instruments,  consisting  of  a  dip-circle,  an  azimuth 
compass,  and  a  unifilar,  previously  u:4ed  by  Captain  Blakiston,  hnvc  been 
re-examined,  and  have  been  taken  by  Colonel  Smythe,  of  the  Royal  ArtiUcrjr, 
to  the  Feejee  Inlands. 

As  it  was  feared  that  the  Kew  Standard  Barometer  might  have  been 
injured  by  the  workmen  who  some  time  since  were  repairing  the  Observatory', 
a  new  one  has  lieen  mounted.  The  mechanical  arrangements  of  thb  instru- 
ment  have  been  completed  in  a  very  admirable  manner  by  Mr.Beckley ;  and 
the  mean  of  all  the  observations  made  pho^vs  that  the  new  Barometer  reads 
precisely  the  same  as  the  old.  This  result  is  satisfactory,  not  only  a«  slio^vincr 
that  no  change  has  taken  place  in  the  old  Barometer,  but  as  confirming  the 
accuracy  of  the  late  Mr.  Welsh's  process  of  constructing  these  instruments. 
The  height  of  the  cistern  of  the  new  Barometer  above  the  level  of  the  sea  b 
S374.  feet. 

Mr.  Valentine  Magrath  having  quitted  the  Observatory,  at  his  own  request, 
on  the  I4th  of  February  last,  Mr.  George  Whipple  has  taken  his  place  as 
Meteorological  Assistant,  and  has  given  much  satisfaction. 

On  the  12th  of  March,  Thomas  Baker  was  engaged  at  the  weekly  salary 
of  8siy  to  be  raised  to  lOt.  in  nx  months  if  he  gave  satisfaction,  which  has 
hitherto  been  the  case. 

Since  the  last  meeting  of  the  Association,  I7S  Barometers  and  Ther* 
mometers  Invc  l)een  verified  nt  the  Observatory. 

Professor  Kupfier,  Director  of  the  Russian  Magnetical  and  Meteorol(it;if  al 
Observatories,  visited  the  Observatory,  and  was  presented  with  a  standard 
thermometer. 

Mr.  J.  C.  Jackson,  Lieutenant  Goodall,  R.E.«  and  Mr.  Francis  Galton, 
F.R.S.,  have  visited  the  Observatory,  and  received  instructions  in  the  mani« 

pulation  of  instruments. 
Mr.  Galton  has  made  some  experiments  at  Kew  Observatory,  to  determine 
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tlie  most  practicable  mctliod  of  oxamiuln<;  sextants,  and  other  instruments 
for  gcograpliical  purposes.  Coiis'ulerinp  that  these  instrument*,  after  having 
been  once  adjusted,  are  liable  to  two  distinct  chisses  of  ernir,  the  one  constant 
for  any  given  reading,  and  liic  other  variable^  it  is  an  i>bject  to  forai  Tables 
of  CorreekioDs  for  the  constant  errors  of  instruments  sent  for  examination, 
and  also  to  aacertain  tbe  amount  of  variable  errora  which  might  affect  their 
readings. 

A-s  n  gronndvTork  for  examination,  it  i:^  fonnd  that  small  mirrors  may  be 
permanently  adjusted,  at  the  distance  of  hnlf  a  inih\  so  that  when  the  rays 
of  a  mirror  of  moderate  size,  standing  by  the  side  of  an  assistant,  are  Hushed 
upon  them,  they  may  re-reflect  a  brilliant  star  of  solar  light,  towards  the 
sextant  under  examination. 

By  having  four  permanently  fixed  mirrors  of  this  description,  separated  by 
intervals  of  20°,  60*',  and  40°  respectively,  and  by  flashing  upon  them  with 
two  looking-glasses  of  moderate  sizo,  it  is  possible,  by  using  every  combina- 
tion of  the?e  angles,  to  measur  -  <  \  <;i y  Uvfiilit  lh  doc^ree,  from  0°  up  to  120*. 

The  disturbing  eflects  of  parallax  are  eliminuteci  without  ditiicuity,  by 
mere  attention  to  the  way  in  which  the  sextant  is  laid  on  the  table,  or,  in 
tbe  case  of  a  zero  determination,  by  a  simple  calculation. 

Moreover,  the  brilliancy  of  tbe  permanent  mirrors  is  perfectly  under  con- 
trol, by  the  interposition  of  gauze  shades  in  front  of  tlic  looking-gla-sses  that 
tlash  upon  tiicni.  Thi:^  renders  an  examination  of  the  coloured  shades  a 
matter  of  great  ease  and  certainty. 

Based  upon  these  principles,  Mr.  Gallon  has  drawn  up  a  sys^tem  for  the 
thorough  examination  of  sextants.  Each  would  not  occupy  more  than  two 
hours  in  having  its  constant  errors  tabulated,  and  its  variable  errors  deter- 
mined; nor  would  an  outlay  of  more  than  £30  be  required  for  the  establish, 
ment  of  fixed  tables  and  permanent  mark<.  Difficulty  is,  howevrr,  r«^lt  in 
setting  the  system  in  action,  owing  to  the  absolute  need  of  uu  a^bibtanC 
having  leisure  to  undertake  it. 

The  sum  of  £179  12jr.  6d*  has  been  received  from  the  Royal  Society, 
to  defray  the  expense  of  erecting  a  model  house  for  the  reception  of  the 
Instruments  for  Colonial  ^lagnetic  Observatories. 

The  Photoliclio^rajili  lias  been  an  occasions!  source  of  oecupafinn  to  the 
mrcljanical  a>-sistant ;  but  before  daily  records  of  the  sun's  di>k  can  be  ob- 
tained, it  i^  absolutely  requisite  that  an  a-fsistant  should  be  appointed  to  aid 
Mr.  Beckley,  because  his  duties  are  of  such  a  nature  as  to  prevent  his  de- 
voting attention  at  fixed  periods  of  the  day  to  an  object  requiring  so  much 
preparation  as  is  the  case  with  pbotobeliography.  Unfortunately*  the  funda 
at  tbe  disposal  of  the  Committee  are  quite  inadequate  for  this  purpose;  and 
unless  a  special  grant  be  obtainedi  the  Photobeliograph  will  remain  very  little 
used. 

At  present  Mr.  iicckley  is  preparing  the  instrument,  under  Mr.  De  iu  Hue's 
direction,  for  its  intended  trip  to  Spain,  for  the  purpose  of  photographing  the 
eclipse  which  takes  place  on  July  18th.  The  expenses  of  these  preparationsy 
and  of  the  assistants  who  will  accompany  Mr.  De  la  Rue»  will  be  defrayed 

out  of  the  grant  of  the  Royal  Society  for  that  object. 

The  requisite  preparations  are  somewhat  extensive;  for  it  has  been  deemed 
necessary  to  construct  a  wooden  observatory,  and  to  make  a  new  iron  pillar 
to  support  the  instrument,  adapted  to  tiie  latitude  of  the  proposed  station : 
both  the  obiervatory  and  iron  pillar  may  be  taken  to  pieces  to  facilitate  their 
transport. 

The  wooden  hofue  is  8  feet  6  inches  square,  and  7  feet  high  ;  it  is  entirely 
open  at  the  top»  oxcept  that  portion  divided  off  for  a  photographic  room. 
I860,  c 
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The  open  roof  will  be  covered  by  canvas  when  the  observatory  is  not  in  use; 
and  when  in  use,  the  canvas  will  hp  drawn  back,  so  as  to  form  an  outer  casing 
at  some  little  distance  from  the  wall  of  the  photographic  room ;  and,  in  order 
to  keep  tkii  room  at  cool  u  poiiible^  the  eanvai  will,  in  ease  of  need»  be  kept 
wetted* 

The  chemioali and  chemical  apparatus  will  be  packed  in  duplicate  sets,  so 
as  to  providf*     far  as  ]>o3sibIc  against  the  contiDgency  of  loasy  by  breakage 

or  otherwix  ,  ol  a  part  of  them. 

Mr.  Dowues,  of  the  6rm  of  Cundall  and  Dowu&s  of  lioud  Street,  has 
promised  to  accompany  the  expedition ;  Mr.  Beckley  will  also  go;  and  Mr. 
be  la  Rue  baa  engaged  Mr.  Reynolds  to  assist  in  the  erection  of  the  observa- 
tory in  Spain,  and  in  the  subsequent  photographic  operations. 

The  Admiralty,  on  the  representation  of  the  Astronomer  Royal,  have  pro- 
vided a  steam-ship  to  convey  th'tn  and  otiicr  astronomieijl  expeditions  to  Bil- 
bao and  Santander.  It  is  proposed  that  the  Kew  party  sh(iii  11  land  at  Bilbao 
and  proceed  to  Miranda.  Mr.  Viguoies,  who  is  cutistructiiig  the  Tudela  uud 
Bilbao  lailway,  has  kindly  promised  his  aid  and  that  of  his  staff  of  assist- 
antSt  to  promote  the  objects  of  the  expediiion,  and  pronises,  on  behalf  of  the 
contractors,  the  use  of  horses  and  carts  for  the  conveyance  of  the  apparatus. 
The  expedition  will  sail  from  P<?rt?iiiouth  on  the  7th  of  J\\\y:  arul.  '^honld  the 
weather  prnvp  favourable,  there  is  reasonable  hope  thut  the  various  phases 
of  the  ecliptie  will  be  successfully  photographed.  Whether  the  light  of  the 
corona  and  red  prominences  will  be  sufficiently  bright  to  impress  their  images, 
when  magnified  to  four  inches  in  diameter,  is'a  problem  to  be  solved  only  by 
cRrect  expeririK  fit. 

Professor  William  Thomson  (of  Glasgow)  having  expressed  a  desin-  that 
the  practienl  utility  of  his  }!elf-recording  electrometer  should  be  tried  at  Kew, 
bis  wish  has  been  acceded  to  and  the  instrument  received,  and  it  is  expected 
that  it  will  shortly  be  in  oper^ion  under  his  direction. 

A  Report  has  been  completed  by  the  Superintendent  on  the  results  of  the 
Magnetic  Survey  of  Scotland  and  the  adjacent  islands  in  the  years  1857  and 
1858»  undertaken  by  the  late  Mr.  Welsh.  This  Report  b  printed  in  the 
Transactions  of  the  British  Assoriatifin  for  1859. 

The  following  correspondence  lias  taken  place  between  General  Sabioe 
and  the  Rev.  William  Scott,  Director  of  the  Sydney  Observatory  : — 

*'  Obimatoxy,  Sydney,  Ifireh  2, 1860. 

^  8ia,-»The  great  interest  which  you  take  in  the  promotion  of  M agnetical 
Science  encourages  me  to  address  you  on  the  subject  of  the  establislnnent  of 
a  Magnetical  Observatory  at  Sydney.  The  report  which  I  st  tul  \r,u  by  this 
mail  will  explain  to  you  the  character  and  position  of  the  Astronomical  Ob- 
servatory under  my  direction. 

I  am  convinced  that  an  application  to  our  Government,  from  influential 
persons  at  home,  for  the  establishment  of  magnettcal  observations  on  not 
too  expensive  a  scale»  would  be  readily  attended  to.  I  am  not  practically 
acquainted  with  any  magnetical  observatory,  with  the  exception  of  that  at 
Greenwich,  and  am  ignorant  of  the  cost  of  a  set  of  instruments,  and  the 
exact  amount  of  space  required  for  working  them ;  but  1  believe  we  could 
find  sufficient  room  in  the  observatory  without  any  additional  building ;  they 
would  be  under  my  own  supervision,  and  all  that  wouM  be  required  would 
be  an  additional  avsistaot,  to  share  with  myself  and  my  one  assistant  in 
observing  and  computing.  The  Governor-General,  Sir  W.  Denison,  would, 
though  powerless  as  regards  public  money,  estert  his  influence  iu  favour  of 
such  an  object* 
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*'  Trusting  that  you  will  take  the  matter  into  consideration,  and  ezeuse  the 
liberty  I  have  taken  in  addreMing  yoU| 

"  I  atn,  Sir, 
'*  Your  obedient  Servant, 
(Signed)  «  W.Scott, 

«« Astronomer  for  N.  &  Wales.** 

«  13  Ashley  Place,  London,  May  8,  I860. 

**  Sir, — 1  lose  no  time  in  replying  to  your  letter  of  Marcli  2,  received  this 
day.  The  self-recording  inagneticaJ  instruments  at  Kew  have  been  in  action 
nearly  two  and  a  half  yean— a  sufficient  time  to  test  their  merits  or  defects. 
I  have  myself  completed  the  analysis  and  reduction  of  the  first  two  years  (1888 

and  1859)  of  the  Observations  of  the  Declinometer,  and  can  therefore  speak  of 

my  own  knowledge  of  their  pcrformancn,  an  far  as  that  element  is  concerned. 
The  Photographic  Traces,  recording  both  the  zero  line  and  the  actual  move- 
ments of  the  magnet,  can  be  measured  with  tolerable  confidence  to  the  third 
place  of  decimals  of  an  inch,  the  inch  in  the  Kew  instrument  being  equiva- 
lent to  28  minutes  of  arc  The  reading  is  consequently  made  to  the  lOOOth 
part  of  82  minutes  of  declination.  The  record  is  of  course  continuous ;  but, 
for  the  purpose  of  computing  the  results,  /louri^  readings  have  been  tabulated* 
In  the  first  yofir  the  trace  failed  in  107  ont  of  8760  houi-s,  chiefly  from 
failure  in  the  supply  of  gas,  which  is  brought  by  pipes  from  liichmond,  a 
considerable  dibtauce  off.  This  inconvenience  has  been  remedied  by  the 
eoastmetion  at  the  Observatory  itself,  at  a  small  eapense,  of  a  water  regu- 
lator, through  which  the  supply  from  Richmond  passes,  and  there  is  now  no 
reason  why  the  trace  should  ever  fail.  I  have  now  in  course  of  analysis  and 
rednction  the  same  year<«  of  t!i(  of^^orvations  of  the  horizontal  and  vertical 
force  ujagnetographs,  and  have  no  reason  hitherto  to  believe  that  the  record 
of  those  two  elements  will  be  inferior  to  that  of  the  declination.  The  three 
instruments,  with  the  clock  which  keeps  the  registering  papers  in  revolution, 
together  with  reading  telescopes  placed  for  eye  observation,  either  to  accom- 
pany or  to  be  independent  of  self  •registry,  occupy  an  interior  space  of  about 
16  feet  by  12,  including  a  passage  round  for  the  observer.  The  cost  of  such 
a  set  of  instruments,  complete  in  every  re-=pect,  is  £250;  and  four  niontha 
must  be  allowed  for  making  them  from  the  date  of  the  order,  as  well  as  an 
additional  month  for  their  careful  verification  at  Kew  (should  that  be  de- 
sired), where  a  detached  building  has  been  erected  for  this  particular  pur* 
pose,  in  which  they  may  be  kept  in  work  in  comparison  with  the  Kewinstru* 
ments.  A  detailed  description  of  these  instruments  is  now  in  the  press,  and 
will  be  publi>hp(i  in  June  in  the  volume  of  Reports  of  the  British  Association. 
The  resultii  of  tin  lir.^t  two  years  of  the  Declinometer  observations,  showing 
what  are  deemed  at  present  to  be  the  most  usetul  modes  of  eliciting  the  re- 
sults, will  be  printed  in  the  *  Proceedings  of  the  Royal  Society '  in  the  present 
sttmmer,  and  the  first  two  years  of  the  horizontal  and  vertical  force  magneto* 
graphs  in  the  same  publication  later  in  the  year.  A  small  adjoining  room  b 
requisite,  opening  if  possible  into  the  instrument-room,  which  should  OMitain 
suitable  troughs  fc»r  the  y^reparatioTj  of  the  paper  to  receive  the  trace?,  and 
to  fix  them.  It  is  important  to  dimmish  as  much  as  possible  tlie  changes  of 
temperature  in  the  Observatozy  itself,  exclusive  of  the  etfect  of  the  instrument 
cases,  which  have  adaptations  for  that  purpose.  So  fiur  in  regard  to  difierential 
instruments.  For  absolute  determinations  and  secular  changes  a  small  de- 
tached house  M  required,  say  12  feet  by  8,  in  which  equality  of  temperature 
need  not  be  re^^arded,  but  which  must  be  at  a  sufficient  distance  from  other 
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bini<lin2<»  containing  iron,  and  have  copper  fittings.  The  instrument*  required 
for  tiitse  purposes  are  an  inclinometer  and  a  uniBlar,  tlx;  latter  Iiaving  pro- 
viMOU  fijr  the  experiments  of  deflection  and  vibration,  aa  well  its  for  the  abso- 
lute decHnfttioo :  the  cost  of  the  flrat  is  £30,  and  of  the  ieeond  £-1-5 ;  both  m»j 
be  verified,  if  desired,  at  Kew.  Tlie  little  work  wliteli  is  sent  to  yon  by  the 
same  post  as  this  letter  contains  a  fnll  description  of  these  instrameot^,  and 
directions  for  tlicir  u-<e.  In  addition  to  the  char-^os  named  Jibovp,  making  in 
all  £325,  the  cost  of  jjuickiog,  freight,  and  insurance  will  liave  to  be  takea 
into  the  account. 

"  One  assistant  will  suffice,  a<)  you  suggest,  for  keeping  the  magnetometers 
in  action,  and  for  tabulation.  The  absolute  valaes,  and  the  calcuUtion  of  tho 
results  of  all  the  instruments,  would  be,  I  presume,  the  work  of  the  Director 
of  the  Observatory  himself.  Provision  must  also  be  made  for  a  supply  of 
chemicals,  f^tntioniTv,  ami  gas.  Should  it  be  thought  desirable  t'lnt  the  instru- 
ments ^houll  I)  '  pti  (»urinl  and  verified  under  the  superintendence  ol  the  Com- 
mittee of  tliu  Kew  Observatory,  a  request  to  that  effect,  transmitted  by  your- 
self through  the  Governor  of  the  Colony  to  the  Chairman  of  the  Committee 
of  the  Kew  Observatory,  Richmond  Park,  London,  S.W.,  would,  I  am  sureg 
meet  immediate  attention*  That  such  an  institution  at  the  head-quarters  of 
owr  Australian  dominions  would  bo  as  honourable  to  those  who  should  be 
insti  uim  iitul  iti  its  establishment  as  it  would  be  beneficial  to  ntagnetical 
science,  must  be  a  matter  of  general  recognition,  and  it  would,  I  am  per- 
suaded, find  a  warm  supporter  in  your  present  most  excellent  Governor* 

"  I  remain,  Sir* 

Your  obedient  Servant^ 
(Signed)  *«  £dwar]>  Sabinb." 

The  Bw.  W.  Soou:' 


From  the  followln?^  oorrespondonce  wliich  has  taken  place  between  Her 
Majesty's  Ciovcrnnu  nt  and  the  President  of  the  Royal  tidciely,  it  will  be 
seen  that  the  establishment  of  a  Magneiical  Observatory  at  Vancouver 
Island  b  postponed,  in  conse(|iicnee  of  the  war  with  China  precluding  the 
establishment  at  present  of  a  corresponding  observatory  at  Pekin 

"  Treasury  Chstubers,  16th  May,  I860. 

"  SfR, — I  ani  directed  by  the  Lords  Commissioners  of  Iler  Majesty's 
Treasury  to  acquaint  you  that  My  Lords  have  hud  under  tiieir  further  con- 
sideration the  establishment  of  an  Observatory  at  Vanconver  Island,  and 
the  insertion  in  the  Estimates  of  this  year  of  a  vote  for  that  service* 

"My  Lords  arc  fully  sensible  of  the  importance  of  obtaining  a  series  of 
accurate  Magnetical  Observafinti'^  at  the  stations  recommended  by  tlie  Council 
of  the  Briti>!i  Association,  ami  it  would  give  tlicm  irrcat  pleasure  to  assist 
without  further  delay  in  torwardiug  objects  so  interesting  fur  the  cause  of 
science. 

The  numerous  and  pressing  claims,  however,  on  the  public  finances  in 
the  present  year  make  it  imperative  upon  My  liords  to  submit  no  fresh  esti- 
mate to  Parliament  which  is  not  of  a  very  urgent  character,  and  where  the 
totol  limit  of  expense  to  be  incurred  has  not  bren  accurately  ascertained. 

**  In  the  pre.-ent  instance  My  Lords  must  uoserve  that  you  appear  to  be 
under  some  misiapprehension  in  supposing  that  any  engagement  was  entered 
into  bytbe  hUeGovemmenl  to  establish  a  Magnetic  Observatory  at  Pekin  or 
elsewhere.  On  the  contrary,  the  letter  of  this  Board  of  6th  December,  1838» 
to  Lord  Wrottesley  states  dbat,  *  whatever  may  be  the  public  advantages  to 
be  derived  Arom  the  proposed  new  establishments^  the  object  would  not^ 
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it  appears,  be  saeriiieed  hy  postponement,  and,  looking  to  tae  extent  of 

the  other  claims  upon  the  public  finances  already  existing,  My  Lords 
have  thought  it  right  to  defer  the  consideration  oi  the  question  until  next 
jrear.* 

•*  The  letter  Llien  further  states),  that  the  three  Magiteticul  Observatories 
•t  the  Cape  of  Good  Hope,  St.  Helena,  and  Toronto,  which  were  originallj 
sanctioned  in  an  estimate  of  about  £3000  for  three  years,  bad  in  fact  cost 
£11,000  for  that  period,  and,  in  dII,  hnd  put  the  cuuntry  to  an  expense  of 
nearly  £50,000.  This  consideration  alone  suffices  to  -Imw  the  necessity  for 
very  careful  investigation  by  the  Government  before  any  step  is  taken  which 
might  commit  the  country  to  further  expense.  The  circumstances  referred 
to  in  the  letter  in  question  continue  in  full  force ;  and  an  important  further 
argument  against  undertaking  the  proposed  Observatory  at  VancouTcr 
Island  at  the  present  moment  is  furnished  by  the  political  events  which  bava 
since  occurred  in  China.  In  General  Sabine  s  able  letter  of  the  1st  January, 
1859,  it  is  stated  that,  *  without  entering  into  the  comparative  i^eientiiic  value 
of  Vancouver  Island  and  Pekin  as  ma<»nptic  stations, — both  being  highly 
important, — this  much  is  certain,  that,  whatever  raight  be  tite  value  of  either, 
that  valne  would  be  greatly  enhanced— -fiur  more  than  dottbled~>by  there 
being  a  simnltaneous  and  continuous  record  at  both  stations;  and  Sir  John 
Herscbel  rentarlcs  that  the  importance  of  a  five  years*  series  of  observations 
at  one  of  the  proposed  sUition:^  without  the  others  would  be  grieYOOsly  dimi- 
nished, and  the  general  scope  of  the  project  defeated.' 

*<  As  the  present  state  of  things  in  China  precludes  the  establishment  of  a 
Magnetic  Observatory  at  Peltin,  or  any  point  in  the  Chinese  Empire  suffi- 
ciently to  the  north  to  correspond  with  a  station  at  Vancouver  Island 
(though  there  is  reason  to  hope  that  this  state  of  things  may  be  of  short 
duration),  it  would  appear  desirable  even  in  the  interests  of  science  to  postpone 
the  con«sideration  unti!  5oracthin!T  more  certain  can  be  ascertained  as  to  the 
po,s>ibility  ol  mcetin*^  what  Sir  John  Herschel  and  General  Sabine  consider 
such  an  essential  requisite,  viz.  the  commencement  and  cunliuuauce  ol'simul* 
taoeoQs  ohsenratioiB*  at  Vancouver  Island  and  at  a  point  in  Cbhia  nearly  in  the 
same  parallel  of  latitude.  The  inlerval  which  must  elapse  until  the  political 
state  of  affairs  in  China  may  render  such  an  establishment  pofsible  may  be 
usefully  employed  in  obtainin'j  fhe  ino?t  arcnrate  estimate  possible  of  \he 
actual  co.-it  of  founding  and  niainraining  each  station  fur  tlie  jx  riod  requisite 
for  tiie  complete  attainment  of  tlie  scientific  objects  in  view,  so  as  to  enable 
Her  Majesty's  Government,  when  the  proper  time  shall  arrive,  if  they  shall 
decide  on  doing  so,  to  submit  a  vole  to  Parliament  with  con6dence  as  to  the 
amount  of  eipense  which  they  may  ask  the  nation  to  defray  in  the  interests 
of  science. 

♦'lam.  Sir, 

"  Your  obedient  Servant, 
(Signed)  *•  Geo.  A.  Hamilton," 

«  The  Ptentkni  o/ihe  Moyal  Socie^.** 

"  May  21 1.1,  18G0. 

*' My  dear  Sir, — In  Mr.  Ilaiiiiltoii's  letUr  (rtturned  herewith)  he  has 
referred  to  Sir  Charles  Trevelyan's  communication  to  Lord  Wrotfe.-;ley  of  the 
6th  Decenjber,  1S.58,  expressin^r  the  desire  of  tlie  Lords  Coninii.-sionr  rs  of 
the  Treasury  to  postpone  to  the  following  year  the  coni^ideration  of  the  C6la- 
bUshmcnt  of  the  Colonial  Magnetic  Observatories  which  had  been  recom- 
mended bj  the  Rofal  Society  and  the  British  Association  for  the  Advance- 
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ment  of  Science  ;  but  Mr.  Hamilton  has  omitted  altogether  to  refer  to  tlie 
interview  which  took  place  between  the  IVesident  o(  the  British  As^^ociation 
and  Sir  Charles  Trevelyan  subsefjuent  to  that  connnunicauou,  viz.  on  the 
18lh  ol  December,  I8J8,  wlieii  Sir  Charles  Trevelyan  stated  that  '  if  a  single 
atation  for  magnetieal  and  meteorological  observatioDS  were  applied  for  Qin- 
timating  Pekin  as  ito  locality]  by  the  Joint  Coromittee  of  the  RoyiU  Society 
and  the  British  Association,  My  Lords  would  be  disposed  to  comply  with 
9\ich  nppVication.'  (See  Report  of  the  CouDcii  of  the  British  Associatioii, 
ijeplember  1859.) 

"Political  events  which  became  known  shortly  after  that  interview  made 
it  maoifestly  uoadnaable  to  apply  for  a  station  in  China ;  liut  the  aeientific 
importance  of  procaring  systematic  magnetical  researches  at  other  stationa 

which  had  been  named  in  the  original  application  from  two  Societies,  in  parts 

of  the  globe  which  were  conveniently  accessible  and  under  Hritlsh  dominion, 
remained  as  before.  In  these  respects  \'iincouver  Island  was  unobjectional)le, 
aad  was  therefore  substituted  for  *  a  station  in  China'  in  the  application, 
which,  eonMtitently  with  Sir  Charles  Trevelyan  s  comuiuuication  of  the  18th 
December,  J  858,  was  made  by  the  Joint  Committee  of  the  two  Societies.  The 
confident  expectations  thus  founded  being  known  in  the  United  Suites  by 
the  publications  of  the  Reports  of  the  Joint  Committee  of  the  Royal  Society 
and  British  As*?ociation,  the  Government  of  the  T  nitrd  Stntrs  aiitlinrized  tlie 
establishment  of  Macnetical  Observatories  at  a  station  on  tlir  i  ast  side  of  tho 
United  States,  and  at  another  on  the  south  coast,  both  desigticd  to  cooperate 
with  the  British  Observatory  to  be  established  on  Vancottver  Island ;  the  three 
stations  being  obviously  remarkably  well  selected  for  systematic  researches 
over  that  large  portion  of  the  globe.  The  two  observatories  of  the  United 
.^tf^tes'  Government  have  been  established,  and  commenced  their  work  at 
the  beginning  of  the  prcMMit  year. 

*'  In  reference  to  the  aggregate  amount  of  expenditure  incurred  by  the 
masuetical  researches  recommended  to  Governmeut  by  the  Royal  Society 
and  British  Association  in  the  last  twenty  years,  it  may  be  remarked  that,  the 
research^  being  altogether  of  a  novel  character,  the  continuance  of  the 
Observatories,  when  first  asked  for  in  1839,  was  for  a  very  limited  period. 
It  was,  in  fnct,  an  experiment.  f\nd  their  longer  continuance  would  not  have 
been  recoiinnended  had  not  tiie  exjieriment  proved  eminently  successful,  and 
such  as  to  Justify  the  prosecution  of  the  researches.  The  subject  was  there- 
fore brought  afresh  under  the  consideration  of  Government  in  1  84p5  and  egain 
in  1849,  and  the  further  expenditure  to  be  incurred  received  the  sanction  of 
the  Treasury  on  both  occasions,  as  have  also,  on  other  occasions,  themagoetie 
surveys  connected  with  the  Obx  rvntorif  >\  It  is  possible  that  the  aggregate 
amount  of  expenditure  thus  .sanctioned  and  incurred  may  not  be  overstated 
at  £50,000.  It  is  an  average  amount  not  exceeding  £2500  a  year  ibr  this 
great  branch  of  physical  science. 

I  am  not  myself  the  proper  authority  to  say  whether  the  gain  to  science, 
and  to  the  estimation  in  scientific  res^pc  cts  in  which  this  country  is  held  by 
other  nations,  be,  or  be  not,  an  equivalent  for  this  expenditure;  but  I  may  be 
permitted  to  refer  to  the  opinion  e\pr(>sscd  by  the  Joint  Committee  of  the 
two  Societies,  consisting,  as  is  well  ivtiowo,  of  persons  iioidmg  high  places  in 
public  estimation  for  their  general  knowiedgti  and  good  judgment,  as  well 
as  possessing  the  highest  scientific  eminence : — *  Your  Committee,  looking  at 
this  long  catalogue  of  distinct  and  positive  conclusions  already  obtained,  feel 
themselves  fully  borne  out  in  considering  that  the  operation,  in  a  scientific 
point  of  view,  has  proved,  so  far,  eminently  remunerative  and  successful,  and 
that  its  results  have  fully  equalled  in  importance  and  value,  as  real  acoessioos 
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to  our  knowledge^  any  aDticipations  which  oould  reasonably  have  been  formed 
at  the  commeBceineiii  of  the  inquiry.' 

Believe  me,  my  dear  Sir, 

"  Faitlituiiy  yours, 
(Signed)  '*  Edward  Sabine." 

« JSir  B.  a  Brodie,  BarL,  P.R,Sr 

Mr»  HcmUion  to  ihe  Presidmt  of  the  /i' >// //  Society,  in  rq»ljf  to  his  letter 

2nd  June  {iioi  yitvn  /u  re). 

"Trcasurjf  Chamber*,  Jnne  14,  1R60. 
"  Sir, — In  reply  to  your  letter  of  the  2nd  inst.,  with  its  enclo.sure  from 
General  Sabioe  relative  to  the  establishment  of  Colonial  Magnetic  Observa- 
tories, I  am  directed  by  the  Lords  Commissionera  of  Her  Majesty's  Treasury 
to  state  that,  without  eotering  into  the  question  what  verbal  assuranoes  may 
have  been  given  in  Decemberl858  by  the  then  Assistant  Secretary,  Sir  Charles 
Trevclyan,  of  wiiich  no  record  was  made,  tlieir  Lordships  observe  that  the 
main  ground  of  their  letter  of  the  16th  iMay,  1860,  remains  unaffected,  viz. 
that,  in  the  opinion  of  the  highest  scientific  aiitliorities,  whatever  might  be 
the  value  of  observations  al  \  uucouver  Island,  that  value  would  be  greatly 
Increased  by  simultaneous  observations  at  some  station  in  the  North  of  China, 
and,  on  the  otiier  hand,  would  be '  grievously  diminished '  if  no  station  in 
China  was  established.  Under  thetie  circumstances,  their  Lordships  thought 
it  do'sirable  to  postpone  for  a  short  time  the  eonsidemtion  of  the  fpiestion,  in 
the  hope  that  it  might  be  considered  under  a  tiitferent  state  of  things  in  China, 
rendering  possible  the  attainment  of  the  greatest  amount  of  scientitic  advan- 
tage from  the  expenditure  of  public  money,  in  case  that  expenditure  should 
be  decided  upon. 

«Iam,  Sir, 

"  Your  obedient  Servant, 
(Signed)  G.  A.  Hamilton." 

General  Sabine  has  written  the  following  letter  to  Dr.  Bache,  who  had 
intimated  to  him  that,  in  the  event  of  Her  Majesty's  Government  declining  to 
establish  a  magnetical  observatory  at  Vancouver  Island,  it  was  the  wish  of 
the  United  States'  Government  to  establish  one  in  Washington  Territory,  ill 
the  vicinity  of  Vancouver  Island:— 

«lfsy22,1860, 

'*DSAR  Bache, — I  waited  to  reply  to  yours  of  April  ISth  until  we  should 

have  received  the  reply  of  our  Government  rei^arding  the  Vancouver  Island 
Observatory.  Mr.  Gladstone  has  availetl  himself  of  some  expressions  in 
Sir  John  Herschels  letters  and  mine  (to  the  effect  of  the  far  greater  import- 
ance of  having  observations  on  the  Chinese  as  well  as  on  the  American  side 
of  the  Pacific  to  having  either  separately)  to  postpone  a  decision  regarding 
Vancouver  Island  until  our  relations  with  China  shall  enable  our  Govern* 
ment  to  consider  the  question  of  establishing  both  simultaneously.  OurpiXH 
position,  therefore,  has  fallen  to  the  ground,  and  it  is  quite  open  to  yonr 
Government  to  occupy  the  tield  which  you  were  willing  to  concede  to  us  in 
consideration  of  the  forward  part  which  our  Government  has  hitherto  taken 
in  magnetie  researches. 

"  NOW  in  regard  to  the  instruments,  which,  as  you  are  probably  awara^ 
have  been  prepared  at  my  own  risk,  in  order  that,  should  our  Government 
accede  to  the  recommendation  made  by  the  Royal  Society  and  British  Asso* 
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eiatioiit  tbetini(^  miglit  be  saved  which  mwt  othcn^-ise  Iiavebcrn  lost  in  their 
preparation.  They  have  been  mnde  on  tlie  model  of  thoj^e  ^>  lii(;h  have  been 
itj  use  at  the  Kew  Observatory  .''i nee  January  1858.  An  Recount  of  these  is  in 
the  press,  and  will  be  publirhcd  in  the  volume  of  Reports  of  the  British  Asso- 
ciation for  ]8o9-1860,  which  must  l>e  in  circulation  next  month.  I  have 
thoroughly  examined  and  computed  the  deeUnatwnreivAtx  for  1858  and  1859i 
by  means  of  tabulated  hourly  values,  nnd  am  now  engaged  in  the  fame  cal- 
culation of  the  BiHIar  and  Vertical  Force  Magnetometers.  The  Declination 
Keport  will  he  presented  to  the  Royal  Society,  and  printed  in  the  '  Proceed- 
ings'  in  tlie  course  of  rhe  summer,  as  well  as  the  it. salts  of  the  Force  Mag- 
netometer^i  lor  the  i-aujc  twuyear^,  as  soon  as  I  am  able  to  draw  up  the  report 
in  due  form  and  order.  But  1  am  able  to  say,  regarding  all  the  three  elementa, 
that  the  inetniments  are  mincn/l^auccessful.  Independent  of  the  continuity 
of  the  record  (which  is  of  course  a  great  thing;  in  itself),  the  hourly  tabula- 
tions are  far  more  consistent  and  satisfactory  than  were  the  eye-obflervatiooa 
at  any  of  our  observatories. 

'*In  preparing  a  second  set  of  iostruments,  therefore  (which  we  have  done 
for  the  proposed  Netherlands  Observatory  in  Java),  we  have  had  very  few 
improvements  to  introduce,  except  the  addition  of  reading-telescopes  for  each 
instrument — so  that  we  may  always  retain  the  power  of  eye-observatioD^ 
either  in  addition  to  or  substitution  for  photographic  records.  Dr.  Bergsma, 
the  Director  of  the  J^va  Observatory,  is  now  at  Kew,  observing  with  his  in- 
struments, in  comparison  with  those  in  our  own  Observntory  we  have  a 
separate  building  for  the  instrumcntfi  on  trial),  and  \uii  lake  Ihcni  away 
towards  the  end  of  J une.  These  of  course  will  be  paid  for  by  the  Netherianda 
Government,  having  been  ordered  expressly  for  them.  There  will  then  be  the 
third  set,  which  have  been  prepared  for  Yancotiver,  and  which  are  ready  to 
succeed  the  Java  instruments  in  the  experimental  house.  A  few  veri/  triHing 
improvements  have  been  introduced  in  these — none  worthy  of  being  noticed 
here.  They  at  present  stand  as  mine,  and  1  shall  be  indebted  £250  for  ihem. 
The  decision  of  Goveriimentt  as  communicated  to  the  President  of  the  Royal 
Society,  makes  no  reference  to  my  responsibility  on  their  account.  I  am, 
therefore,  to  say  the  least,  quite  free  to  dispose  of  them  as  I  may  please. 
Now  I  am  not  rich  enough  to  offer  them  as  a  hnn  to  yotir  *  Wasiiington 
Territory'  Observatory  ;  but  if  you  desire  to  have  ditlerential  determinations 
there  in  addition  to  absolute  determinations,  I  am  jjersuaded  that  you  could 
not  have  better  instruments  than  these  would  be ;  and  I  consider  myself  as 
quite  free  to  offer  you  the  refusal  of  them,  asking  only  in  return  that  yoa 
will  give  me  as  early  a  reply  as  may  be  conveniipnt,  because  I  have  some 
reason  to  expect  that  I  may  receive  an  application  from  the  Sydney  Obser* 
vatory  to  obtain  a  »liip!irj»te  of  the  Kew  instrnnu-nts  ;  in  whieli  c;!«;e.  if  you 
had  not  claimed  them  in  the  meaDtime,  X  e>houl(i  direct  these  to  be  sent  to 
Sydney.  **  Sincerely  yours, 

(Signed)  **  Edward  Sabine." 

**J)r.  narhe,  F.B.S.,  Director  of  the 

Coast  Survey  of  tlie  United  States,** 

The  reply  to  thi^  letter  has  not  yet  been  received;  but  in  the  meantime 
the  following  application  has  come  for  a  set  of  magnetical  instruments  for 
absolute  determinations  from  Dr.  SmalUvood,  Professor  of  Meteorology  at 
M'Gill  College  in  Montreal,  Canada:— 

"  St.  Martin,  Isle  Jesus,  Miy  2),  1860. 

Sjh,— I  duly  received  yours  of  the  16tb  of  July  last,  in  reference  to  the 
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establishment  of  a  Magnetic  Observatory  here,  in  conneilon  with  obterva- 
tions  on  meteorolugy  and  atmospheric  electricity,  and  deferred  writing  until 
I  waa  in  a  petition  to  acquire  the  instruments  necessury. 

"  You  said  in  your  communication  that  '  £S0  or  thrrt  abouts  was  required;* 
and  you  were  kind  enough  to  add,  with  a  spirit  of  generosity  I  could  not 
expect,  'that  every  care  should  be  taken  to  sujierinteud  the  construction  of 
aucb  instruments,  to  verify  them,  and  to  determine  their  cont^tuuts*  and  have 
them  carefolly  packed  and  sent  oat.* 

The  object  of  the  present  letter  is  to  ascertain,  1st,  the  exact  cost  (if  pa«« 
sible);  2nd,  to  whom  the  amount  shall  be  forwarded ;  3rd,  when  the  instru- 
menta  would  probably  be  ready  ;  4lh,  a  short  list  of  what  are  to  be  sent. 

"I  feel  that  lam  a^^king  too  much  from  you ;  but  a  knowledge  of  your 
devotion  to  a  science  w  hich  you  have  so  much  extended,  makes  me  feci  less 
diffident,  and  I  have  thrown  myself  upon  yonr  kindness. 

I  have  also  to  acknowledge  the  receipt  of  a  Book  of  Instructions,  Ae^ 
with  thanks. 

<'  So  soon  as  I  get  a  reply  from  you,  I  w  ill  at  once  transmit  the  amount 
with  the  order,  and  submit  a  plan  of  Ihc  building. 

**  Believe  me  to  remain,  with  great  consideration  and  r^pect, 

**  Youis  luilUfully, 
(Signed)  «  C.  Smallwooh." 

**  Oeneral  SMiet  London.'' 

Instruments  to  meet  this  request  are  in  preparation. 

The  Committee  have  thought  that  it  might  not  prove  uninteresting  to  the 
members  of  the  British  Association,  if,  in  this  Report,  n  short  description 
were  given  of  the  Kew  Observatory,  aud  of  tlie  nature  aud  amount  of  work 
which  is  accomplished  therein. 

The  Observatory  is  situated  in  the  middle  of  the  old  Deer-park,  Richmond, 
Surrey,  and  is  about  three«quartcr-  of  a  mile  from  the  Richmond  Railway 
Stntion.  IH  longitude  isO^  18'  47"  W..  nnd  iU  latitude  51°  28'  G"  N.  It 
is  built  norih  ;aid  south.  The  repo?e  produced  by  its  complete  ij-fjlaiinii  is 
eminently  iavourabie  to  scientific  research.  Id  one  of  the  lower  rooms  a  set 
of  self-recording  magnetographs,  described  in  the  Report  of  the  last  meeting 
of  this  Association,  is  constantly  at  work.  These  instruments,  by  the  aid  of 
photography,  furnish  a  continuous  record  of  the  changes  w  hich  take  place  in 
the  three  magnetic  elements,  viz.  the  declination,  the  horizontal  force,  and  the 
vertical  force.  The  light  used  is  that  of  ga?,  in  order  to  obtain  w  hich,  pipes 
have  been  carried  across  the  Park  to  the  Observatory,  at  an  expend  oi  £250, 
which  sum  was  generoui^ly  defrayed  by  a  grant  iroin  the  Royal  Society. 

Attached  to  this  room  is  another,  of  a  smaller  size,  in  which  the  necessary 
photographic  operations  connected  with  magnetography  are  conducted. 

In  the  story  above  the  basement,  the  room  by  which  the  Tisitor  enters  the 
Ob«ervatory  is  filled  with  npparatus.  Much  of  this  is  the  property  of  the 
Royal  Society,  and  some  of  the  instruments  possesis  a  historical  value;  for 
instance,  the  air-pump  used  by  Boyle;  and  the  conveitible  pendulum  designed 
by  Captain  Katcr,  and  employed  by  him,  and  subsequently  by  General  Sabiue, 
In  determining  the  length  of  the  pendulum  vibrating  seconds. 

An  inner  room,  which  opens  from  this  one,  is  used  as  a  library  and  sitting- 
room,  and  in  it  the  calculations  connected  with  the  work  of  the  Observatory 
are  performed.  Tn  thi-'  room  d!|>|>ing-needle8  and  magnets,  which  it  h  neces- 
sary to  preserve  from  ru^r,  ai*  stored.  Here  also  the  MS.  of  the  British 
Association  Catalogue  of  Stars  is  preserved. 

A  room  to  the  east  of  this  contains  the  standard  barometers,  and  the  appa* 
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nitus  (described  by  Mr.  Welsh  in  the  'Thuuaeiions'  of  the  Royal  Soci(;ty« 

vol.  1 4fi.  p.  .507)  for  verifyinf^  and  onmparing  marine  barometers  with  the 
standard.  This  room  has  iiL-^o  nrcuiutnudation  tor  the  juarinr'  barometers 
S€Qt  for  vcritication.  In  the  middle  of  the  room  is  a  sulid  block  of  masonry, 
extending  through  the  floor  to  the  ground  belovr.  To  tbU  an  astronooiical 
quadrant  waa  formerly  attached ;  it  te  now  used  as  a  support  for  the  standard 
barometers.  This  room  contains  also  a  Photographic  Barograph  ioTCnted 
by  Mr.  Francis  Ronalds,  which,  though  not  at  present  in  operation,  may 
serve  as  a  model  for  any  one  who  wishes  to  have  an  instrument  of  this 
description.  It  is  described  by  Mr.  Eonaldd  in  the  Report  of  the  British 
Association  ior  ih51. 

In  a  room  to  the  west  of  the  Library*  thermometers  for  the  Board  of  Tiade^ 
the  Admiralty^  and  opticians^  are  compared  with  a  standard  thermometer  by 
means  of  a  very  simple  apparatus  devised  by  the  late  Mr.  Welsh. 

The  0!>servntory  also  |v>vs<»^s»^<  a  dividing-engine  by  Perreaux,  by  means  of 
whic!)  ^itandard  thermometers  are  graduateid.  it  was  purchased  by  a  grant 
from  the  Royal  Society. 

In  this  room  the  pure  water  required  for  photographic  processes  is  obtained 
by  distillation;  and  here  also  a  small  transit  telescope  is  placed  for  ascertain- 
ing time.  The  transit  instrument  is  erected  in  a  line  between  two  meridian 
marks — one  to  the  north  and  the  other  to  the  south  of  tlic  Observatory  ;  «o 
that,  by  means  of  suitable  opeuingSy  either  of  these  marks  may  be  viewed  by 
the  telescope. 

In  a  higher  story  is  the  u'orksho|),  containing,  among  other  things,  a  slide- 
lathe  by  Wbitworthf  and  a  planing  machine  by  Armstead*  both  of  which  were 
presented  to  the  Kew  Observatory  by  the  Royal  Society. 

In  the  dome  is  placed  the  Photohcliogn^>h  for  oljtuining  pictures  of  the 
sun's  disk  ;  ittarhf  <l  to  the  dome  there  is  a  s?n  dl  chamber  in  which  the 
photographic  juix  es-fs  rontiected  with  tlie  pliotolieliojj:raph  arc  conducted. 
This  chambe  i  <s  supplied  with  water  by  means  ol  a  i'orce-pump.  A  self* 
recording  Robinsons  anemomeier  iialso  attached  to  the  dome. 

In  addition  to  the  rooms  now  specified,  there  are  the  private  apartments 
attached  to  the  Observatory. 

On  the  north  side  of  the  Observatory  there  is  an  apparatus  similar  to  that 
used  at  the  Toronto  Obscrvatorv  for  containing  the  wet*  and  dry-bulbj  the 
inaxiinuni  and  the  miniuium  tliermoineters. 
■(M^^^^The  model  magnetic  house,  elsewhere  alluded  to  in  this  Report,  stands  at  a 
^^diSlRlliNifabout  60  yards  from  the  Observatory ;  and  the  small  wooden 
house  Id  wMbb-thc  al>solute  magnetic  observations  are  madci  at  a  distance 
of  about  1 10  yards.  These  houses  are  within  a  wooden  paling,  which  fences 
them  o£f  from  the  remaifKh  r  of  the  Park«  and  encloses  about  one  acre  of 
ground  attaclied  to  the  ( Jlj^ervatory. 

The  work  doiie  may  now  be  briefly  specified.  In  the  first  place,  the  sdf* 
recording  magnetographs,  as  already  mentioned,  are  kept  in  constant  opera- 
tion, and  record  the  changes  continually  occurring  in  the  magnetic  elements. 

The  photographs  are  sent  to  General  Sabine's  establishment  at  Woolwich, 
to  undergo  the  proco-Mes  of  measurement  and  tabulation. 

In  the  model  magnetic  house  there  is  at  present  a  set  of  magnetographs 
which  Dr.  Bergsma  will  take  to  Java.  When  this  s<  t  is  reutovcd  another  will 
supply  its  place,  in  readiness  for  any  other  Observatory,  colonial  or  foreign, 
at  which  it  may  be  required. 

In4he  house  for  absolute  determinations,  monthly  values  of  the  declination, 
dip,  and  horizontal  magnetic  force  are  taken,  and  magnetic  instruments  for 
foreign  or  colonial  obs^atories  have  their  constants  determined. 
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In  the  meteorological  department,  all  the  barometers,  therniometeni,  and 
hydrometers  requir°d  by  the  Board  of  Trade  and  tlie  Ailiniralty  have  their 
corrections  determined;  besides  wliicli,  i<imilar  instruments  aic  vrrifiid  for 
opticians.  Standard  tlicrnionu'ters  also  are  graduated,  and  daily  meteoro- 
logical ubservatiuns  are  madC}  an  abstract  ol'  wliich  in  published  in  the 
•  Iltuttnted  London  Newi*' 

lattmction  is  also  givoD  in  the  use  of  instruments  to  officers  in  the  army 
or  navy,  or  other  scientific  men  who  obtain  permission  from  the  Committee. 

Al!  this  amount  of  work,  it  is  believed,  can  be  executed  by  tlic  present 
start,  consisting  of  the  superintendent,  three  assistants  (mvTjrnrtical,  mrcha- 
nical,  and  meteorological),  and  a  boy;  but  the  expense  atteudine  it  is  greater 
than  the  present  income  of  the  Observatory,  furnished  by  the  British  Asso- 
ctatioD,  will  support 

In  the  resolution  of  the  British  Association  of  the  14th  Septemlier,  1859^ 
it  vas  recommended  to  Government,  at  the  instance  of  the  joint  committee  of 
tfjp  Royal  Society  anil  British  Association,  that  the  sum  of  £S50  per  nTinuni 
fibould  be  placed  at  the  disposal  of  the  general  superintendent  of  the  niag- 
netical  observations ;  this  Mini  was  intended  to  liave  defrayed  the  exptn^^es 
attending  the  magnettcal  department  of  the  Observatory  and  the  observa* 
tions  of  the  aun's  spots.  It  vill  be  scen»  however,  from  the  correspondence 
contained  in  an  eailier  part  of  this  Report,  that  this  source  of  income  is  not 
yet  avaiJable. 

John  P.  Gasstot, 
June  18,  1860.  Ciuurman, 


Bqnn't     the  ParUamenfary  Commiffpc  to  (he  Meeting  qf  the  BritUh 

Association  at  Oatford  in  June  1860, 

The  Plarllamentary  Committee  have  the  honour  to  report  aa  follows:— 
No  subject  of  sufficient  importance  to  require  any  especial  notice  has  occu- 
pied their  attention  during  the  past  year,  nor  indeed  was  there  any  matter 
referred  to  them  at  the  last  Meeting  of  the  Afsociation. 

There  are  now  either  two  or  three  vacancies  in  tliat  portion  of  the  Com- 
mittee which  represents  the  House  of  Commons,  according  as  it  shall  be  de- 
termined whether  the  vacancy  caused  in  that  Section  bv  Lord  de  Grey's 
taking  hia  seat  in  the  House  of  Lords  is  or  is  not  to  be  filled  up, 

WaoTTSSLBT,  (^ktirman^ 

llsy  1860. 
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RKCOMM£NDATtOK3  ADOPTED  BY  TUC  GENERAL  COMMITTEE  AX  THE 

OxtoKD  Meeting  in  June  and  July  1860. 

HWhen  Committoet  are  tppointed,  the  Member  first  named  is  regarded  is  the  Scereiaiy  d 
the  Camnittee,  except  thece  be  e  ipecifio  nominettoaj 

Involving  Grant  a  of  Money, 

That  the  sum  of  £500  be  appropriated  to  the  maintenance  of  the  Esta« 
blishment  in  Kcw  Observatory,  under  the  direction  of  the  Council. 

That  a  sum  not  exceeding  £90  be  granted  for  one  ytftr  for  the  payment 
of  an  additiontl  Photographer  for  earrying  on  the  Photo*keliographic  Ob* 
lervationt  at  Kew. 

That  a  sum  not  exceeding  £30  be  placed  at  the  disposal  of  Mr.  Broun, 
Dr.  Lloyd,  and  Mr.  Stone,  for  the  con^tniction  of  an  Induction  Dip  Cirdey 
in  connexion  with  the  Observarory  at  Kew. 

That  a  »ixm  not  exceeding  £10  h^i  placed  at  the  disposal  of  Professor 
Tyodall  and  Mr.  Ball,  for  providing  Instruments  fur  making  ObservatioDs  in 
the  AlpSt  and  for  printing  the  formulas  for  the  use  of  travellers. 

That  the  Balloon  Ascent  Committee,  eonsisting  of  Prof.  Walker,  Prof. 
W.  Tl!om«?on,  Sir  D.  Rrcwster,  Dr.  Sharpey,  Dr.  Lloyd,  Col.  Sykes,  General 
Sabine,  and  Prof.  J.  Forbes,  be  reappointed,  with  the  addition  of  Mr.  i^rouu  ; 
and  that  the  sum  of  £200  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  Matthiessen  be  requested  to  prosecute  his  Experiments  on  the 
Chemical  Nature  of  Alloys ;  and  that  the  turn  of  £90  be  placed  at  hia  die* 
posal  for  tlie  purpose. 

That  IVof.  Sullivan  be  requested  to  continue  his  Experiments  on  the  Solu- 
bility of  Salts  at  Temperatures  above  100°  C<>f)t..  and  on  the  mutual  Action 
of  Salts  in  Solution  ;  and  that  the  sum  of  £t^U  be  placed  at  his  disposal  for 
the  purpose. 

Thai  Prof.  Voelcker  be  requeeted  to  continue  his  inTestigatioo  on  Field 
Experiments  and  Laboratory  Researches  on  the  Constitaeots  of  Mannret 
essential  to  Cultimted  Crops;  and  that  the  som  of  £S5  be  placed  at  hie 

disposal  for  tho  purpose. 

That  Mr.  Alphonse  Gages  be  requested  to  continue  his  Experiments  on  the 
Mechanico-Chemical  Analysis  of  Minerals;  and  that  the  sum  of  £20  be 
placed  at  his  disposal  for  the  purpose. 

That  Mr.  Mallet  be  requested  to  carry  on  his  Experiments  on  Earthquake 
Waves ;  and  that  the  sum  of  £25  be  placed  at  his  disposal  for  the  purpose. 

That  additional  excavations  be  made  at  Dura  Den  by  the  Committee,  now 
consisting  of  Dr.  Anderson,  Prof.  Ranjsay,  Prof.  Nieol,  nnd  Mr.  Page;  that 
Mr.  J.  B.  Jukes  be  added  to  the  Commilteei  and  that  the  sum  of  £20  be 
placed  at  their  disposal  for  the  purpose. 

That  Mr.  J.  Gwyn  Jeffreys,  Dr.  Lukis,  Mr.  Spence  Bate,  Mr.  A.  Hancock, 
and  Dr.  Verioren  be  a  Committee  for  the  purpose  of  Reporting  on  the  best 
mode  of  preventing  the  ravages  of  the  different  kinds  of  Teredo  and  other 
Animals  in  omt  Sliips  and  Ilarbours;  tliat  Mr.  J.  Gwyn  Jeffreys  be  the 
Secretary  ;  and  that  the  sum  of  £10  be  placed  at  their  disposal  for  the  purpose. 

That  Mr.  Sclater,  Dr.  A.  GUnther,  and  Mr.  R.  T.  Tomes  be  a  Committee 
for  the  purpose  of  preparing  and  printing  a  Ueport  on  the  Present  State  of 
our  Knowledge  of  the  Terrestrial  Vertebrata  of  the  West  India  Islandt ; 
that  Mr.  Sclater  be  the  Secretary  ;  and  that  the  sum  of  £10  be  placed  aft 
their  disposal  for  the  purpose. 

That  Mr«  Robert  MacAndrew  and  the  foUowing  gentiemen  be  a  Com* 
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mittee  for  General  Dredging  purposes: — Mr.  R.  MacAndrew,  Cliairraan; 
Mr.  G.  C.  Hyndinan,  Dr.  Edwards,  Dr.  Dickio,  Mr.  C.  L.  Stow  art,  Dr.  Colling- 
wood,  Dr.  Kinahan,  Mr.  J.  S.  Worthey,  Mr.  J.  Gwjo  Jeffreys.  Dr.  E.  Perceval 
Wright,  Mr.  Lucas  Barrett,  and  Proi'essor  J.  R.  Greene.  That  Mr.  Hubert 
MacAndrew  be  the  Secreury ;  and  that  the  sum  of  £25  be  plaoed  at  tb^ 
disponl  for  tbe  purpose. 

That  Dr.  Ogilvie,  Dr.  Dickie,  Dr.  Dvce,  Prof.  Nicol,  and  Mr.  C.  W.  Peach 
bf  n  Committee  for  the  purpose  of  Dredf^ing  the  North  and  East  Coasts 
of  Scotland.  That  Dr.  O^ilvie  he  thn  Secretary ;  and  that  the  sum  of  £25 
be  placed  at  their  disposal  for  the  purjjose. 

That  the  surviving  members  of  the  Committee  appointeii  iu  the  year  1842, 
▼Is.  Mr.  C.  Darwin,  Rev.  Professor  Henslow,Rev.L.Jenyns,  Mr.W.Ogilby, 
Professor  Phillips,  Sir  John  Richardson,  Mr.  J.  O.  Westwood,  ProfeseorOwea^ 
Mr.  W.  £.  Shuckard,  and  Mr.  G.  R.  Waterhouse,  for  the  purpose  of  pre« 
paring  Rules  for  the  establishment  of  a  Uniform  Zoological  Nomenclature,  be 
reappointed,  with  tbe  addition  of  Sir  William  Jardine»  I5arf  .,  and  Mr.  P.  L. 
Solater.  That  Sir  W.  Jardioe  be  the  Secretary  ;  and  that  the  sum  of  £10  be 
pbMsed  at  their  disposal  for  the  purpose  of  revltiing  and  reprinting  the  Roles. 

That  Mr.  Selater  and  Dn  F.  Hoehstetter  be  a  Committee  for  the  purpose 
of  drawing  up  a  Report  on  the  Present  State  of  our  Knowledge  of  the  Species 

Apferyx  living  in  New  Zealand.  That  Mr.  Selater  be  the  Secretary  $  and 
that  the  sum  of  £50  be  pinced  at  their  disposal  for  the  purpose. 

That  Dr.  CoUingwornl  bp  requested  to  dredge  \n  the  Kstuarit.s  of  tfie 
Mersey  and  Dee ;  and  that  the  &um  of  £5  be  placed  at  his  di:>pu5ai  fur  the 
purpose. 

That  Dr.  £dward  Smith,  F.RJS.,  and  Mr.  Milner  be  a  Committee  for  tbe 

purpose  of  prosecuting  inquiries  as  to  the  effect  of  Prison  Diet  and  Discipline 
upon  the  Bodily  Functions  of  Prisoners.  That  Dr.  Edward  Smith  be  the 
Secretary  $  and  that  the  sum  of  £20  be  placed  at  their  disposal  for  the 
purpose. 

That  Mr.  T.  Wright,  Mr.  J.  B.  Davis,  and  Mr.  A.  G.  Hindlay  be  a  Com- 
mittee for  the  purpose  of  exploring  entirely  the  piece  of  ground  at  Uricooium 
in  which  the  huoian  remains  have  been  found,  in  order  to  examine  more 
fully  the  circumstances  connected  with  the  discovery,  and  to  obtain  the 

sirnilnr  Skulls  which  may  still  remain  under  ground.  That  Mr.  T.  Wright 
be  the  Secretary ;  and  that  the  sum  of  £20  be  placed  at  their  disposal  for  the 
purpose. 

That  Professor  James  Thomson  (of  Belfast)  be  requested  to  continue  bis 
Experiments  on  the  Gauging  of  Water ;  and  that  the  sum  of  £10  be  pbffied 
at  his  disposal  for  the  purpose. 

That  the  Committee  on  Steani-5<hip  Perrorninnee  be  reappointed,  to  report 
proceedings  to  the  next  Meeting  ;  Uiat  the  ;ittrTit;i)ii  of  the  Conmiittee  be 
also  directed  to  the  obtaining  of  intomiation  respecting  the  performance  of 
vesseb  under  Sail,  with  a  view  to  comparing  the  results  of  the  two  powers 
of  Wind  and  Steam»  in  order  to  their  most  cfibctive  and  economical  eombi- 
natiuri ;  and  that  the  sum  of  £150  lie  placed  at  their  disposal  for  this  purpose. 
The  following  gentlemen  were  nominated  to  serve  on  the  Committee  :— 
Vire-Admiral  Moorsom  ;  The  Marquis  of  Stafford,  M.P. ;  The  Earl  of  Cnith- 
IK  ss;  I  ht  l.ordDufferin;  Mr. William  Fai i bairn,  F.R.S. ;  Mr.J.Scoft  Russell, 
l  .lv.S.;  Admiral  i'aris,  C.b. ;  The  Hon.  Captain  Egerton,  R.N.;  Mr.WiUiaoi 
Smith,  C.E.;  Mr.  J.  E.  M«Connell,  C.E.:  Prof.  Rankine.  LLJ).  $  Mr.J.R. 
Napier,  C.E. ;  Mr.  R.RobertStCE. ;  Mr.  Henry  Wrigbt»  Honomry  Secretary ; 
with  power  to  add  to  their  number. 

That  Firof.  Phiiiipa  be  requested  to  complete  and  printt  before  the  Man* 
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Chester  Mcrtiiifj,  a  Chssifiucl  Index  to  the  Trr\n«iactions  of  the  A"«flocifit!on 
from  1831  to  1860  inclusive;  thut  ho  he  authorized  to  employ,  during  this 
period,  an  Assistant ;  and  that  the  sum  of  £100  be  placed  at  his  dispo^  for 
the  purpose. 

Applications  for  Reports  and  Re»earehe$. 

That  Mr.  H.  J.  S.  Smith  be  requested  to  continue  his  Keport  on  the 
Theory  of  Numbers. 

That  Mr.  Cayley  be  requested  to  draw  up  a  Report  ou  certain  Probleais 
in  Higher  Dynamics. 

That  Mr.  B.  Stewart  lie  requested  to  draw  up  a  Report  on  PreToit't 
Theory  of  Exchanges,  and  its  recent  extensions. 

That  Prof.  Stokes  be  requested  to  draw  up  a  Report  on  the  Present  State 
aud  Recent  Progress  of  Physical  0])tic^. 

That  Dr.  Dickie  be  requested  to  draw  up  a  Report  on  the  liura  of  Ulster, 
for  the  next  Meeting  of  the  Association. 

That  Dr.  Carpenter  be  requested  to  draw  up  a  Report  on  the  Minute 
Structure  of  Shells. 

That  Dr.  Miehafl  Foster  be  requested  to  report  upon  the  Plresent  Stat^ 
of  our  kuowledge  in  reference  to  Muscular  lrrital>!lity. 

That  Mr.  James  Oldham  be  requested  to  continue  his  Report  on  Steam 
Navigation  in  the  Fort  of  Hull. 

That  the  Lord  Rosse,  Dr.  Robinson,  Professor  Phillips,  and  Mr.  W.  R.  Birt 
be  a  Committee  for  the  purpose  of  making  observations  on  the  ]^Ioon*s  sur* 
face  and  comparing  it  with  that  of  the  Earth.  That  Professor  Phillips  be  the 
Secretary. 

That  the  Htv.  Professor  Price,  Dr.  Whewcll,  Sir  J.  Lubbock,  Admiral 
FitzRoy,  Sir  W.  S.  Harris,  and  Rev.  Professor  llaughtou  be  a  Committee  ioi 
the  purpose  of  reporting  to  the  next  Meeting  of  the  British  Association,  on 
the  Expediency  and  best  nuans  of  making  Tidal  Observations^  with  a  view 
to  the  eompletion  of  Dr.  WhewelL's  £ssays  in  prosecution  of  a  full  Tidal 
Exposition. 

That,  as  it  would  be  highly  desirable  that  the  observations  on  the  Magnetic 
X>ined  in  India  should  be  continued,  His  Highness  The  Rsyah  of  Travancore 
be  fequested  to  complete  the  Survey  alrei^y  eomoaenced  by  him,  through 
his  Astronomer. 

That  it  is  desirable  that  a  Committee  be  appointed  to  consider  the  best 
mode  of  effecting  the  registration  and  publication  of  the  nnmcrical  facts  of 
Chemistry.  Tliat  the  Committee  consist  of  Dr.  Pranklami,  Dr.  W.  A.  Miller, 
Prof.  W.  H.  iVliller,  Prof.  Brodie,  Prof.  Williamson,  and  Dr.  Lyon  Playfair. 

That  the  Lords  of  the  Admiralty  be  moved  to  authorize  some  small  vessel 
stationed  on  the  South-East  Coast  of  America  to  take  a  convenient  oppor- 
tunity of  collecting  specimens  of  the  large  Vertebrate  Fossils  from  certain 
localities  easy  of  access  between  the  River  Plata  and  the  Straits  of 
Magellan. 

-  That  Sir  W.  Jardine,  Bart.,  Prof.  Owen,  Prof.  Faraday,  and  Mr.  Andrew 
Murray  be  a  Committee  for  the  purpose  of  procuring  iniormatiou  as  to  the 
best  means  of  conveying  Electrical  Fishes  alive  to  Europe.  That  Sir  W. 
Jardine  be  the  Secretary. 

That  Mr.  William  Fairbairn,  Mr.  J.  F.  Bateman,  and  Prof.  Thomson  be  a 
Committee  for -the  purp<M!e  <»r  reporting  on  Experiments  to  be  made  at  the 
Manchester  Waterworks  on  the  Gauging  of  Water ;  with  power  to  add  to 
their  number. 

*  •      .    «  a     ft  • 


Digitized  by  Google 


xlviii 


RBPORT — 1860« 


That  tlic  Coinniittee  to  ropurt  on  the  Rise  ami  Progress  of  Stcatn  Navi;,'a- 
tiou  III  tlie  Port  of  LoDilun  be  reappoiiiteU,  and  that  the  rollowlug  geutienien 
be  reqiief>ted  to  serve  on  it: — Mr.  William  Smith,  C.E. ;  Sir  John  Rennie, 
Captain  Sir  Edward  Belcher;  Mr.  George  Reiiiiie^  P.R.S.;  Mr.  Henry 
Wriglit,  Secretary ;  with  power  to  add  to  their  number. 

Involving  Applications  to  Government  or  PuhUc  Insiitutione, 

That  the  Parliamentary  Committee,  now  consisting  of  the  Duke  of  Argyll. 
Duke  of  Devonshire,  Earl  de  Grey,  Lord  Enniskilleu,  Lord  Harrowby. 
Lord  Roa«e,  Lord  Stanley,  Lord  Wrottesley,  Bishop  of  Osford,  Sir  Philip 
Egerton,  Sir  Jolin  Pacl(ington,  be  requested  to  recommeDd  two  members  of 
the  I^ouse  of  Commons  to  fill  the  two  vacancies. 

That  Sir  Roderick  T.  Murchison,  as  Trustee  of  the  Association,  and  Mr. 
Nassiiu  W.  Senior,  as  iVesidcut  of  the  Section  of  Economic  Scieiicc  and  Sta- 
tistics, be  a  Delegacy  for  the  jiurpuse  ut  attending  the  luteruational  Sta< 
tlstical  Congress  in  London  on  July  16. 

That  the  Committee  on  Steam-ship  Performance  be  requested  to  commu- 
nicate with  the  Parliamentary  Committee,  for  the  purpose  of  obtaining  their 
assistance  in  accomplishing  the  objects  for  which  the  Committee  on  Steam- 
ships  was  appointed. 

Communicalions  to  be  printed  entire  amon^  the  Reports, 

That  the  Communications  by  the  Rev.  W.  V.  Harcourt,  on  the  results  of 
Experiments  at  the  Low  Moor  Iron  Worlui  be  printed  entire  among  the 

Reports  of  the  Association. 

That  Mr.  William  Fairbairn's  Paper,  on  Experiments  to  tleterniine  llie 
effect  of  vibratory  action  and  long-coitlinued  changes  of  load  upon  Wrought- 
iron  Girdera,  be  printed  entire  in  the  Reports  of  the  Association. 

That  Admiral  Moorsoai  s  Paper,  on  the  Performance  of  Steam  Vessels, 
be  printed  entire  among  the  Reports. 

That  Mr.  Elders  Paper,  on  a  cylindrical  spiral  boiler,  with  eomparative 
evaporatlnfif  power  am!  temperatures  of  furnaces,  flues  and  cliiinneys  of 
various  boiierii,  be  printed  entire  in  the  Transactions  of  the  Sections,  with 
the  necessary  diagrams. 


Sjfnopsis  of  Grants  0/ Money  appropriated  to  Scient^  Objects  by  the 
General  CommUtee  at  the  Oxford  Meeting  in  June  and  My  1860, 
with  the  name  of  the  Member,  who  alone,  or  as  the  first  a  Com^ 
miiiee,  is  entitled  to  draw  for  the  Money* 

Kcw  Observatory, 
Kew  Observatory  Establishment  

Maikemaikai  and  Physical  SMsnee* 

Photo-heliogrnphic  Ouservations  at  Kew  

Tyndall  and  Ball. — Alpine  Accents  «..«.. 

Carried  forward   
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500  0  O 

90  0  O 

10  0  o 

600  0  O 
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A  s,  d, 

Bro  1  Ja  for.vard                                      .      600  0  0 

Balloon  Committee                                                             200  0  0 

Baoux  Atid  Coiumtttee. --Dip-circle                                    90  0  0 

Ckemhal  SeieneB,  induing  Mineralogy* 

Matthiessek,  Di*. — Chemicul  Alloys  «  20  0  0 

Sullivan,  Professor^Solability  of  SalH   20  0  0 

VoELCXBRt  Professor* — Constituents  of  Manures   »  25  0  0 

Gaoks,  Alphonsb. — Chemistry  of  Rocks  and  Miaerals  ....  20  0  0 

Geology, 

Mallbt,  Robert.-- Earthquake  Observations   25   0  0 

Committee.— £xcaTations  at  Dura  Den   20  0  0 

Zoology  and  Uulany, 

Jeffreys*  J.  G.,  and  Committee. — Ravages  of  Teredo  and 

other  AoimaU   10   0  0 

ScLATBR,  P*  L*,aQd  Committee* — Report  on  Terrestrial  Verte« 
braU  of  West  Indies   10  0  0 

MacAhdbbw,  R*,  and  Committee.— For  General  Dredging         25   0  0 

Ogilvik,  Dr.,  and  ComuitteeM — Dredging  the  North  and  East 

Coasts  of  Scotland   25    0  0 

Jardine,  Sir  B;\rt.,  and  Committee. — Revising  and  Re- 
printing Rules  of  Zoological  Nomenclature   10    0  0 

Sclatbr,P.  L. — Investigation  of  Apterjx   50  0  0 

CoLLiivewooo^  Dr.— -Diidging  in  Mersey  and  Dee   5  0  0 

Phgnobgg* 

Dr.  Edward  Smitr,  F.R.S.,  and  Mr.  Milner. — Effect  of 
Prison  Diet  and  Dbcipline  upon  the  bodily  functions  of 
Prisoners   20  0  0 

Geographtj  and  Ethnology* 
Committee  for  exploring  Uricooium  •...•.*..      20   0  0 

Mechanical  Scieticem  - 

Thomson,  Profes.«»or  J. — Gauging  of  Water   10   0  0 

Committee  on  Steam-Ship  Performance     150   0  0 

Clamfled  Index  to  Me  TransaeUone, 

Professor  Phillips  (to  employ  an  Assistant j   100   0  0 


Totid..,.  ^1395   0  0 
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Cfenml  SiakmM€fSums  which  have  hempmd m  Aeeomt  €f  QramUfinr 

SeietU^  Pvrpotet. 


1^34. 


£  9. 


Tide  Discussions    20  0 

1835. 

Tid«  IMwrnfami    9i  0 

British  FMtil  Ichthyology    lO-^  0 


£167  0 


0 

0 

_0 

~0 


IBM. 

Tide  Discussions    163  0 

British  Fossil  Ichthyology    10ft  0 

Thertnometric  Obserrations,  &c.  50  0 
£xperiinentj  on  long-continued 

Heat   17  1 

Rain  Gauges  ;.„.•,.....•••••••  9  13 

Refraction  Experiments  ••*.•.•••  15  0 

Lunar  Nutation  ,...••>..•  60  0 

ThcraMMDeteti  •••.«..«....  15  6 


14 


0 
0 
0 

0 
0 
0 
0 
0 


18S7. 

Tide  Discussions                        2S1  1  0 

Chemical  ConstanU                      24  13  6 

Lunar  Nutation                           70  0  0 

Observations  on  Waves               100  12  0 

Tides  at  Bristol                          150  0  0 

Meteorology  and  Subterranean 

Temperature                          89  5  3 

V  trifi ration  Experiments...,,,...  150  0  0 

Heart  Experiments   8  4  6 

BMrometrle  Observttioos             80  0  0 

Banmeteis   n  is^ 

£9iS  14  0 


1638. 

Tide  Discussions    29 

British  Fossil  Fishes    100 

Metmnlogical  Observations  and 

Anemometer  (con^^tnirtion)  ...  100 

Cast  Iron  (Strength  ol;   ,,,  CO 

Animal  and  Vegetable  Substances 

(Preservation  of)  ...«>«......*..  19 

Railway  Constants   41 

Bristol  TMcs   50 

Growth  of  Plante  •.».«   75 

Mud  in  Rivers   3 

Educttlon  CominiUee  ............  50 

Heart  Experiments  ..,••«... .,1...  5 

Land  and  Sea  Level   267 

Subterranean  Temperature   ,  8 

8teain>vesseU   Uhi 

Meteorological  Committee  ......  31 

Tbermotnctcrs    16 


0 
0 

0 
0 

1 

12 
0 

0 
6 
0 

3 
8 
6 

0 

9 
J_ 

IS 


Meteorology  nnd  Subterranean 

Temperature   21  11  0 

Vitrification  I^xpcrimcnlS   9  4  7 

Cast  Iron  Experiments   100  0  0 

Railway  Constants    28  7  2 

Und  and  Sea  Level   274  1  4 

Sfcam-vcssels'  Entririr'^   100  0  0 

Stars  in  llistoire  Celeste   331  18  6 

Stars  in  Lacanie    11  0  0 

Stars  in  R..\.S.  Catalogue   6  16  6 

Animal  Secretions   10  10  0 

Steam-engines  in  Cornwall   50  0  0 

Atmospheric  Air   16  1  0 

Cast  nnd  Wrought  Iron   40  0  0 

Heat  on  Organic  Hudiis    S  0  0 

Gases  on  Solar  Spci  triini  .....  ....  22  0  0 

Hourly  Meteorological  Ob-^prva- 

tions,  Inverness  and  Kingussie  49  7  8 

Fossil  Reptiles    118  2  9 

Mining  Statistics   50 


0 
0 

0 
0 

10 
10 
0 
0 
6 
0 
0 
7 
0 
0 
5 

2 


1839. 

Fossil  Ichthyoid                    110  0 

Meteorological  Obscmtions  at 

Plymouth                               63  10 

Meehanism  of  Waves                 U4  S 

Bristol  Tides  ......«.......*•*.......   85  18 


4;  1595 

1840. 

Bristol  Tide   100 

Subterranean  Teniperaturc  ••••••  13 

Heart  Experiments  •   18 

Lungs  Experiments  .•••«»•  ••■  8 

Tide  Discussions   •.*••*•••  50 

Land  and  Sea  Level   8 

Stars  (Histoirc  Celeste)    242 

Stars  cr.;u  :tiilf)   4 

Stars  ^Cuixilogue)   264 

Atmospheric  Air  •  •   l  ^ 

M'^nter  on  Iron    10 

Heat  on  Organic  Bodies  .........  7 

Meteorological  Observations.,*,..  52 

Foreign  Scientific  Memoirs   118 

Working  Population....*   100 

School  Statistics   50 

Forms  of  Vessels    184 

Chemical  and  Electrical  Pheno- 
mena ,...•«•  40 

Meteorologionl  Oliservations  at 

Plymouth    SO 

Magnelical  Observations   1H5 


0  0 

IT  0 


0  0 

13  6 


10 

13 
0 
11 


17 
I 
0 
0 
7 


0 

0 
0 

I 


10  0 

15  0 

0  0 

15  0 

0  0 

0  0 


0 

6 
0 
0 
0 


0  0 

0  0 

i;i  9 


£1549  10  4 


1841. 

Observations  on  Waves   30  0  0 

Meteorolqsy  and  Subterranean 

Temperature.   8  8 

Actinometers...   10  0 

Earthquake  Shocks  ..,......*•...•  17  7 

Acrid  Poi  nn^   ....•••„....  6  0 

Vein&  and  Absorbent*  •■■•«•...•.*  3  0 

Mud  in  Rivers    5  0 

Marine  Zoology,,.,   15  12 

Skeleton  Maps   *.*  20  0 

Mountain  Barometers  .*,•••   6  18 

Sun(HislolreCflestc)...*..*.**..  185  0 


0 
0 
0 
0 
0 
0 
8 
0 
6 
0 
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Stort  TLacaille)   79   5  0 

Sttn  (Nomenclatore  oO    17  10  6 

Sura  (CataloglM  of)   40    0  0 

Water  on  Iron    50    0  0 

Meteorological   Obscrvatiot)j>  at 

Inverness    SO   0  0 

Meteorolo^jTCTl  Observations  (re- 
duction of)   25    0  0 

Fossil  Replilec   ftO   0  0 

Foreign  Memoirs  .«•.   G3    0  0 

Railway  Sectioni   38    1  6 

PornworVeHeU    193  13  0 

Bfeieoroioelcal  Obtemitiiios  «t 

Plymouth    55    0  0 

MaKnetiail  ObMrvaUons    61  18  8 

Fishes  of  the  Old  Red  8«nd«tone  100    0  0 

Tides  at  Leith   50    0  0 

A nciiiuuicter  at  Edinburgh  ......  69    1  10 

Tabulating  Obwmitions    9    6  ."i 

Races  of  Men    5    0  0 

Radiate  Animals    2    0  0 

£1235  10  11 


184?. 

Dynanaomctric  Iii&trumciils   113  11  2 

Anoplur.i  nritannis   52  12  0 

Tidef  at  Bristol   59  8  0 

Gases  on  Light   30  U  7 

Chrononcten    23  17  6 

Marine  Zoology   I  5  0 

Bridab  Fossil  Maninialia   100  0  0 

SUibticsofBducaHon   SO  0  0 

Marine  Sleara.TesseU'  EnginM.,.  28  0  0 

Stars  (Histoire  Celeste)   59  0  0 

Stars  (BiiuAtsoc.  Cat.  of)    110  0  0 

Railway  Sections   161  10  0 

Rritish  Belemnitef!   50  0  0 

ro-(>il  Reptiles   (publication  of 

Ucport)   210  0  0 

Fornas  of  Vessels    180  0  0 

Galvanic  Experimeots  on  Kocks  5  8  0 
Meteorological  Bxparimenia  at 

Plymouth    68  0  0 

Constant  lodiostor  and  Dyoamo<- 

metric  Instruments    90  0  0 

Force  of  Wind    10  0  0 

Light  on  Gromh  of  Seeds    8  0  0 

Vital  Statistics    50  0  0 

Vegetative  Power  of  Seeds    8  111 

QuesUons  on  Human  Race    7  9  0 


£1449  17  8 


ISI3. 

Revision  of  the  Nomenclature  of 

Stars   S   0  0 

Reduction  of  Stars,  British  AssO' 

ciation  Catalogue    25    0  0 

Anomalous  Tides,  Frith  o(  Forth  120    0  0 

Hourly  Meteorological  Observa- 
tions at  Kingussie  and  Inverness    77  IS  8 

Meteorological  Observations  at 
Plymouth    55   0  0 

Whewcll's  Meteorological  Aoo* 
momcter  at  Plymouth  10   0  0 


£   ».  4r 

Meteorological  Observations,  Os- 
ier's Anemometer  at  Plymouth   20    0  0 

Reduction  of  Meteorological  Ob> 

nervations    30    0  0 

Meteorological  iuiilruuionlit  and 
Gratuities  39   3  0 

Construction  of  Anemometer  at 

Inverness    60  13  3 

Magnetic  Co-op«ralioa    tO  8  10 

Meteorological  Reoordet  fiur  Kew 
Observatory   50    0  0 

Action  of  Gases  on  Light   13  13  1 

EstabtiNlinient  at  Kew  Oliscrva- 


tory,  Wages,  Repairs,  Furni- 

133 

4 

7 

Flxperiments  by  Captive  Balloons 

81 

8 

0 

Oxidation  of  the  Rails  of  Railways 

80 

0 

6 

Pubhtatlun  of  Report  un  Fossil 

40 

0 

0 

Coloured  Drawings  of  Railway 

147 

18 

3 

Registration     of  Earthquake 

30 

0 

• 

Report  on  Zoological  Nomencla- 

10 

0 

3 

Urirovenng    Lower   Red  9Snd« 

4 

4 

9 

5 

8 

9 

Marine  Testaeea  (HaUlt  of)  ... 

10 

0 

0 

10 

0 

0 

2 

14 

11 

Preparation  of  Report  on  British 

100 

0 

0 

Physiological  Operations  of  Me- 

SO 

0 

0 

Vital  Statistics   

33 

3 

3 

Additional  Experiments  on  the 

70 

3 

0 

Additional  Experiments  on  the 

100 

0 

0 

Reduction  of  Experiments  on  the 

100 

0 

0 

Mortn's  In-jtrurnetit  and  Constant 

69 

11 

10 

Experiments  on  tho  Strength  of 

f,() 

() 

0 

461505 

fo 

3 

1344. 


Meteorological    Observations  at 


12 

0 

0 

Completing  Observations  at  Ply- 

35 

0 

0 

Magnetic  and  Meteorological  Co* 

85 

8 

4 

Publication  of  the  British  Asso* 
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Extracts  from  ResolvtioM  of  the  Cfeneral  ConmUfee. 

Committees  and  individuals,  to  whom  graots  of  money  for  scientific  pur- 
pOiM  hATO  beeD  eotnioted*  are  required  to  present  to  each  foUowing  meeting 
of  the  Association  a  Report  of  the  progress  which  has  been  made ;  with  a 
statement  of  the  sums  which  have  been  expended,  aod  the  balance  which  re- 
mains disposable  on  each  grant. 

Grants  oi'  pecuniary  aid  for  scientific  purposes  from  the  iunda  ni'  the  Asso- 
ciation expire  at  tlie  ensuing  meeting,  unless  it  shuU  appear  by  u  Report  that 
the  Recommendations  have  been  acted  on,  or  a  continuation  of  them  be 
ordered  by  the  General  Committee. 

In  each  Committee,  the  Member  first  named  is  the  person  entitled  to  call 
on  the  Treasurer,  John  Taylor.  F.'^q,,  6  Queen  Strrrt  Place,  Upper  Thames 
Street,  London,  for  such  portion  ol  the  sum  granted  as  may  from  time  to 
time  be  required. 

In  grants  of  money  to  Committees,  the  Association  does  not  contemplate 
the  payment  of  personal  expenses  to  the  members. 

In  all  coses  where  additional  grants  of  money  are  made  for  the  continua- 
tion of  Researches  at  the  rn?t  of  tho  Association,  the  sum  named  shall  be 
deemed  to  include,  as  a  part  oi  the  amount,  the  specified  balance  which  may 
remain  unpaid  on  the  former  grant  for  the  same  object. 

General  Meetings. 

On  Wednesday,  June  27,  at  4  p.m.,  in  the  Sheldonian  Theatre,  His  Royal 
Highness?,  the  Prince  Consnrt,  resigned  the  office  of  President  to  The  Lord 
Wrottcsley,  F.R.S.,  who  took  the  Chair  aud  delivered  aii  Address,  for  which 
see  page  Iv. 

On  Thursday  Evening,  June  28,  at  8)  pm^  a  CoDversaxione  took  place  in 
the  University  Museum. 

On  Friday  Afternoon,  June  29,  at  4>  p.m.,  in  the  Sheldonian  Theatre,  the 
Rev.  Professor  Walker,  F.R.S.,  delivered  a  Discourse  on  the  Physical  Con- 
stitution of  the  Sun. 

On  Friday  Evening,  the  University  Museum  was  opened  for  a  Soir^  with 
Experiments. 

On  Monday  Afternoon,  July  S,  at  2  P.M.,  in  the  Sheldonian  Theatre, 
Captain  Sherard  Osbom,  R.N.,  delivered  a  Discourse  on  Arctic  Discovery. 
On  Monday  Evening,  at  ^  p.m.,  a  Conversaxtone  took  place  in  the 

University  Museum. 

On  Tuesday  Evening,  July  3,  at  8^  p.m.,  the  University  Museum  was 
opened  for  a  Soir6e  with  Microscopes. 

On  Wednesday,  July  4,  at  S  P.M.,  the  concluding  General  Meeting  took 
place  in  the  Sheldonian  Theatre,  when  the  Proceedings  of  the  General  Com* 
mittee,  and  the  Grants  of  Money  for  Soientific  purposes,  were  explained  to 
the  Member*;. 

The  Meeting  was  tiien  actjoumed  to  Manchester** 

llsotliig  is  sppointcd  to  tske  pisoe  on  Wsdnesdsy,  the  4th  of  September,  1861. 
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THE  BIGHT  HON.  THE  LORD  WBOTIESLEY. 


Gkntlkmkn, — If,  on  taking  this  Chair  for  the  first  time  as  your  President) 

I  do  not  enlarge  upuu  uiy  di  licioncics  for  adequately  filling  the  responsible 
office  to  which  you  have  dunu  jlk  the  iiuiiour  to  elect  me,  X  iio^c  you  will 
belie%'e  that  I  atu  not  the  loss  setibiblu  of  thcni. 

Your  Is^t  Meeting  was  held  under  the  Presidency  of  one  not  tuore  dlstin- 
gutshed  by  his  high  rank  and  exalted  station  than  by  his  iiiuny  excellent 
qualities,  and  the  discriminating  interest  which  he  has  ever  manifested  in  the 
prouioiion  of  Art  and  Science*  It  was  one  of  the  most  successful  Meetings  on 
record. 

We  are  now  once  more  as^umljled  in  this  ancient  ami  vpnerable  seat  of 
learning  ;  and  the  first  topic  ot  interest  which  presents  it^ell  to  me,  who  owe 
to  Oxford  what  a(  adeniic  lrainin[^  I  havo  received,  is  ilic  contrast  presented 
by  the  state  of  iScience  and  tin  tea<  liiug  of  Science  in  this  University  in  the 
Autumn  of  the  year  ISl^,  when  my  residence  here  commenced,  and  lor  five 
years  afterwards,  with  its  present  condition.  As  the  private  pupil  of  the  late 
Dr.  Kiddy  and  within  u  few  yards  of  the  spot  from  which  I  have  now  the  honour 
to  inaugurate  the  Meeting  of  thia  distinguished  Association^  I  first  imbibed 
that  love  of  Science  from  which  some  of  the  punet  pleaMires  of  my  life  have 
beeo  derived  ;  and  I  cannot  mention  the  name  of  mf  former  Tutor  without 
aeknowtedgiog  the  deep  debt  of  gratitude  I  oire  to  the  memory  of  thai  able^ 
#oilseientiou8  and  single-hearted  man. 

It  was  at  this  period  that  a  small  knot  of  Geologittfy  headed  by  Broderip^ 
Buckland,  the  two  Conybeares  and  Kidd,  had  began  to  itimulate  the  curioeity 
of  the  Students  and  resident  Graduates  by  Lectnrea  and  Geological  ezcur* 
f ions  in  the  oeighboarhood  of  this  town.  The  lively  illttstratioas  of  Buek* 
land,  combined  with  genuine  talent»  by  degrees  attimoted  orowds  to  hia 
teaching,  and  the  fonndations  of  that  intevestiag  Bcieiice»  already  adfaneing 
under  the  iUustriotiaCavier  in  France,  anddestinedsoon  to  spread orer Europe^ 
were  at  this  time  l^rly  laid  in  England  within  these  classical  Halls.  Many 
a  time  in  those  days  hare  my  studies  been  agreeably  interrupted  by  the 
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cheerful  laugh  which  invariably  accompanied  the  quaint  and  witly  terma  in 
which  Bttclilaijd  nsuallj  announced  to  his  brother  Geologist  some  new  dl»« 
coverj,  or  illustrated  the  facts  and  principles  of  his  favourite  science.  At 
the  time,  however,  to  which  I  refer,  the  study  of  physical  science  was  chiefly 
confined  to  a  somearhat  scanty  attendance  on  the  Chemical  Lectures  of  Dr» 
Kidd,  and  on  IhcM  on  Experimental  Philosophy  by  Rigaud  s  and  in  pare 
mathematics  the  flnxionat  notation  still  kept  its  ground.  In  the  year  1818 
Vince's  Astronomy,  and  in  the  following  year  the  Differential  Notation,  was  first 
introduced  In  the  mathematical  examinations  for  honours.  At  that  time 
that  fine  foundation  the  RadclifFe  Observatory  was  wholly  inactive;  the 
observer  was  in  declining  health,  and  the  establi^thinent  was  neither  useful  to 
astronomical  .suidcats,  iiar  dni  it  coiiLiibute  in  any  way  to  the  advancement 
of  Astronomical  Science.  Even  from  the  commc.ncenu  uL  of  the  present 
century,  and  in  proportion  as  the  standard  of  acquirement  in  classical  learning 
%fas  gradually  raised  by  the  emulation  excited  by  the  examinations  for 
honours,  tlie  attendance  on  the  ahove-mcMitioned  Lectures  f^radually  declined  : 
but  a  similar  cause  enhanced  ilie  acquirements  of  stud,  nt*  in  pure  and 
applied  Mathemitics,  and  tiie  University  began  to  number  among  its 
Graduates  and  Piofcssors  men  of  great  eniitit^iice  in  tiiuse  departments  of 
knowledge.  Nor  were,  ihe  other  sciences  neglected  ;  and  Chairs  became 
vacant  or  nc\v  Pndcssorships  were  established,  men  oi  European  reputation 
were  appointed  to  fill  them.  In  proof  of  all  this  I  need  only  direct,  atten- 
tion to  the  names  on  the  roll  of  Secretaries,  Vice-Presidents  and  Presidents 
of  Sections,  to  convince  you  that  Oxford  now  contains  among  her  re^dent 
Graduates,  men  amply  qualified  to  establish  and  advance  the  scientific  fame 
of  that  University,  of  which  they  are  the  di^ttinguished  ornaments. 

On  the  progress  of  Astronomy  I  will,  as  becomes  me,  enter  into  more 
detail.  And  it  is  not  without  pain  that  I  allude  to  this  subject,  liecause  I  am 
reminded  that  one  has  been  removed  from  among  us  by  the  hand  of  death, 
whom  I  had  ioolied  forward  to  meeting  again  on  this  occasion  with  peculiar 
pleasure.  I  never  knew  any  one  who  had  the  interests  of  science  more  truly 
at  heart,  or  laboured  more  diligently  to  advance  them,  than  the  late  Radclifie 
Observer,  Mr.  Manuel  Johnson*  By  his  eaerilona  and  indefatigable  leal 
the  Radcliffe  Observatory  was  enabled  to  take  its  proper  place  among  the 
Scientific  Institutions  of  the  world.  By  the  liberality  of  the  Trustees  and 
by  the  exertion  of  his  influence,  new  instruments  were  purchased,  and  an 
extensive  series  of  valuable  astronomical  observations  was  made;  and,  what 
is  quite  as  important,  they  were  regularly  reduced  and  published.  In  addi- 
tion to  all  this,  a  noble  array  of  self-recording  meteorological  instruments  was 
brought  into  action,  and  their  records  duly  reduced  and  co-ordinated*  I  vaa 
myself  a  candidate  in  18S9  for  that  office  to  which  Mr.  Johnson  was  then 
appointed,  and  I  have  often  rejoiced  that  I  was  not  successful,  as  it  would 
have  retarded  for  a  time  the  promotion  of  one,  to  whom  Astronomy  owes  a 
deep  debt  of  gratitude.  Mr.  Johnson  was  tuddealy  taken  from  us  at  a  time 
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when  be  was  in  Ihe  fall  career  of  bU  useful  laboun,  and  there  are  few 
Ubeurefs  in  •cienoe  wbose  Ion  has  been  more  deplored*  The  University  bat 
very  lately  lost  anotber  learned  Prufes«of«  and  myself  anotber  valued  friend, 
irbose  contributions  to  science  are  well  linown  and  duly  esteemed.  Tiie 
great  tragic  Poet  of  Greece  introduces  bis  bero  accusing  bis  beatben  godt 
of  rescuing  from  tbe  grave  tbe  vile  and  worthless,  and  sending  thither  the 
good  and  useful;^ 

•  rdSk  iimta  mI  rd  XP9^^ 

Our  purer  faltb  in  meek  resignation  trusts  that  they  are  removed  from  evil 
to  come,  and  that  there  at  least  they  reet  from  their  labours — rest  from 
earthly  toil  and  troubte,  but  awake,  may  be,  to  higher  aims  and  aspirations, 
and  with  nobler  faculties  and  duties. 

Although  a  successor  may  be  appointed  to  Mr.  Johnson,  who  will,  I  doubt 
not,  admirably  discharge  tbe  duties  of  Radcliffe  Observer,  I  fear  that  the 
Observatory  may  not  continue  to  maintain  its  hii^h  reputation,  unless  a  sufB- 
ciont  staff  of  Assistants  be  appointed  to  aid  the  Observer  in  his  labours. 
'L'licrc  is  no  mistake  more  fatal  in  Astronomy  than  that  oi'  niuUi[)I\  i[)n^  in- 
strumental meautt  without.  |)roviUiag  au  adequate  supply  oi  hands  to  employ 
Uiem. 

I  have  already  alluded  to  some  particulars  in  which  this  great  University 
has  advanced  in  the  career  of  scientific  improvement,  but  everything  elsehaa 
been  somewhat  thrown  iuto  the  shade  by  the  important  event  of  this  year, 
the  openijig  of  the  new  Museum.  The  University  could  have  given  no  more 
substantial  proof  of  a  sincere  interest  in  tiie  dirtusion  of  scieuce  than  tlie 
foundation  of  this  noble  Institution,  and  I  am  sure  that  among  the  distin- 
guished cultivator*  of  scienee  here  assembled,  there  is  not  one  who  docs  not 
entertairi  a  hearty  desire  for  the  suore^s  of  the  various  efforts  now  in  profyrcss 
for  the  purpose  of  stimulating  our  University  Students  to  a  elosrr  onnt(  n  pla- 
tion  and  more  diligent  study  of  the  glorious  works  of  Nature ;  a  study,  win  eh, 
if  prosecuted  earnestly,  raises  us  in  the  scale  of  human  beings  and  improves 
every  moral  and  intellectual  faculty.  Towards  the  attainment  of  a  result  so 
much  to  be  desired  tbe  Museum  will  most  powerfully  contribute,  and  those 
who  frequent  it  will  owe  deep  obligations  to  Mr.  Hope  and  the  other  bene* 
factors  who  have  generously  added  to  its  stores.  But  there  are  other  causes 
in  operation  which  tend  to  the  same  end ;  and  among  tbem»  in  addition  to 
such  improvements  as  arise  out  of  tbe  changes  consequent  on  the  recent 
Act  of  Parliament,  may  be  mentioned  tbe  alteration  in  tbe  distribution  of 
Univcr-'ity  Honours. 

The  institution  of  the  School  of  Physical  Science  forms  a  most  important 
feature  in  tbe  recent  changes*  and  will  doubtless  be  productive  of  good  results, 
provided  that  sufficient  encouragement  by  way  of  reward  be  held  out  to 
those  wbose  tastes  lead  Ifaem  to  devote  tbemselvea  to  those  departments  of 
^nowledgCy  and  that  the  compulsory  arrangements  in  respct  of  other  studies 
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allow  sufficient  time  to  the  student  to  accomplish  his  object  The  great 
minority  of  physical  students  must  necessarily  belong  to  that  class  who  have 
their  aubsistenoe  to  earn ;  and  however  earnest  may  be  their  aeal  for  mental 
improvement,  there  will  be  few  candidates  for  the  honours  of  the  Physical 
School  nnlesi  due  encouragement  be  given  to  excellence  in  that  department. 
It  waa  therefore  with  sincere  pleasure  that  I  leant  that  three  Fellowshipa 
had  been  founded  at  Magdalen  College  as  priies  for  proficiency  in  Natural 
Science;  and  that  at  the  same  College^  and  at  Christ  Church  and  QueenV» 
Scholarships  and  Exhibitions  had  been  provided  for  students  who  evince 
during  their  examinations  the  greatest  aptitude  for  such  studies.  Moreover, 
the  acquisition  of  a  Raddiffe  travelling  Fellowship  has  been  made  to  depend 
upon  obtaining  distinction  in  the  School  of  Natural  Science^  In  additton  to 
all  thtSfthat  beneficent  and  enlightened  lady,  Miss  Burdett  Coutts,  has  founded 
two  Scholarships  with  the  view  of  extending  among  the  Clergy  educated  at 
the  University  a  knowledge  of  Geology.  Great  hopes  are  Justly  excited  in 
the  minds  of  all  welUwishers  to  the  (Jnivenity  by  these  events*  and  by  reflee- 
tion  on  the  great  change  of  opinion  which  must  have  taken  place  since  the 
period  when  Dr«  Kidd,  with  the  aid  of  Dr.  Daubeny*  Mr.  Greswelland  others, 
in  vain  attempted  to  raise  a  small  sum  by  private  subscription  for  building  a 
modest  receptacle  for  the  various  collections  of  Natural  History.  How  .little, 
could  these  publlo-epirited  individuals  have  foreseen,  that  within  a  few  short 
yean  a  sum  approaching  to  £100*000  would  be  appropriated  to  the  building- 
and  furnishing  that  splendid  monument  of  Oxford  s  good  will  to  science,  the 
New  Museum  I 

It  would  not  be  right,  however,  if,  while  speaking  in  just  and  sincere  terms 
of  praise  of  all  that  excites  my  admiration  iu  the  late  proceedings  at  Oxford, 
I  were  to  withhold  the  honest  expression  of  my  opinion  on  points  on  which 
I  feci  compelled  to  differ  from  the  cour:5e  pursued.  I  will  therefurc  refer  to 
t\v(j  ijiui^uies,  one  of  which  especially  I  cuiiiiot  but  regard  a  luisLake, 
'i'lie  rtrst  is  the  repeal  of  the  statute  which  eutorced  attutidaiice  on  two  coursen 
of  Professorial  lectuiua  ,  a  lesjuirement,  which  may  have  had  no  siiiuli  jiitlu- 
ence  in  creaiiug  a  taste  for  natural  scieucc  among  that  large  class  of  students, 
whose  only  object  it  is  to  obtain,  in  a  creditable  manner  if  po:isible,  but  at  all 
events  to  obtain,  the  distinction  of  an  Acadniuical  degree.  At  the  same  time 
I  cannot  but  be  sensible  that  tlic  amount  of  instruction  imparted  in  this  way, 
even  if  the  attendance  were  much  more  than  nominal,  must  necessarily  have 
been  small,  not  from  any  want  of  competency  in  the  teachers,  but  from  the 
iohrreTit  jlelect  of  the  system  ot  leeturos  unaecompaiiied  by  ejLammatioas ^ 
and  on  tins  account  I  the  less  regn  t  tiie  change. 

The  second,  and  more  serious  niisLuke,  in  niy  humble  opinion,  is  the  re- 
jection by  the  Congregation  in  1857  of  the  proposal  of  the  Hebdomadal 
Council,  that  the  Undergraduate,  after  passing  his  first  two  cla-sical  exami- 
nations, should  be  permitted  to  select  his  own  line  of  study,  and  submit 
himself  at  his  option  to  a  final  exaiuiuatiou  in  auy  oue  ol  tlie  four  5eiu>ol«» 
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tbmt  is,  the  ClamMf  the  Makbsnutlea]*  Histoiy  snd  Iaw,  or  Natanl  Soienee. 
The  Hebdomadal  Counoil  were  I  think  right  in  bdieTing  that  tueh  mental 
discipline  as  elassieai  study  can  imparl — and  far  be  it  from  me  to  nodervalae 
it  in  the  least — ^would  be  sofficiently  secured  by  the  classical  requirements  of 
the  two  fifft  examinations ;  and  that  the  study  of  Mathematics  and  the  Natural 
Sciences,  bendes  impcfting  much  valuable  information,  which  might  be  exten- 
sively utilised  in  after-life^  might  equally  be  viewed  as  an  important  means 
of  improving  the  intellectual  faculties.  There  is  another  consideration  which 
must  not  be  lost  sight  of  in  deciding  on  the  policy  of  the  course  then  pursued* 
I  think  that  it  cannot  in  fairness  be  expected  that  a  young  man  of  the  average 
abilities  of  those  who  contend  for  hononn,  and  who  is  called  upon  to  pais 
two  classical  examinations,  and  prepare  for  a  third,  before  he  is  allowed  to 
follow  the  bent  of  his  genius  and  apply  himself  to  his  favourite  study,  can 
find  time  to  attain  a  sufficient  proficiency  in  it  to  pass  a  really  creditable 
examination ;  accordingly  the  necessary  result  will  be  that  the  Examiners  will 
be  obliged  to  lower  the  standard  of  honour,  the  rather  that  most  of  the  students 
now  come  to  the  University  without  having  acquired  even  the  elements  ot  >citii- 
lific  know  l<>di^e,  atiii  Lhus  the  first  class  may  almost  ceaae  tu  be  u  distiuctioii. 
worth  attaiiiuicnt. 

I  cannot  take  leave  of  recent  Uni\  i  rsity  changes  without  adverting  to  that 
great,  tli  it  noble  step,  the  institutiun  of  the  Middle  Class  Examinations, 
wlicrcljy  Oxford  furniiahed  substantial  aid  to  tliose  muvc  litiuible  aspirants 
to  knowledge,  by  whom  a  University  education,  however  much  desired,  is 
quite  unaLtainaljle.  Whetlier  this  movement  be  viewed  in  its  moral  effect,  as 
showing  a  kindly  sympathy  of  the  higher  intellectual  clas;^  wuh  tlie  struggling 
but  deserving  children  of  a  low*  i  sphere,  or  as  the  best  expedient  for  bringing 
about  a  complete  reform  in  our  educati()nal  establishments,  and  there  Iih  c  a 
great  enginf  for  advancing  popular  education — whether  this  grant!  and 
libera!  stvp  bo  viewed  in  one  or  both  these  aspects,  it  fias  given  the  most 
1111  mi \(  (1  anil  Im  arltt  It  satisfaction  to  all  who  have  the  moral  and  mental 
improvement  of  tlu;  nation  sincerely  at  heart;  and  greatly  do  1  rijoice  that 
such  a  satisfactory  proof  shoulii  have  been  given  of  a  desire  to  make  Uni' 
vcrsity  Institutions  a  general  national  blessing. 

Oxford,  then,  has  shown  herself  fully  equal  to  her  glorious  mission,  and  it 
was  only  a  fitting  sequel  to  such  enlightened  conduct,  that  she  should  be 
entrusted  with  the  grateful  task  of  educating  tiie  Heir  apparent  to  the  Throne 
of  the  most  popular  Sovereign  who  ever  swayed  the  sceptre  of  this  vast 
Empire. 

I  shall  perhaps  be  forgiven  if  my  former  connexion  with  Oxford>  and  the 
interest  which  I  must  ever  take  in  everj'thing  appertaining  to  my  own  Uui- 
▼ersityi  have  inducrcl  mc  to  dwell  somewhat  at  length  on  the  above  matters. 
It  is  now  time  that  I  should  direct  my  attention  to  the  general  domain  of 
science ;  but  more  parlicularly  to  that  department  to  which  my  own  labouri» 
bumble  though  they  be»  have  been  more  especially  devoted, — mean  the 
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science  of  Astronomy,  a  science,  wliich,  whether  we  conbidcr  the  surpassing^ 
interest  of  the  subjects  wiih  winch  it  is  convei'sant,  or  the  lofty  nature  of  the 
Bpeculations  to  which  its  inquiries  lead;  mu«t  ever  OCCUpy  amost  dUtioguishedy 
if  not  the  first  place  among  all  others. 

In  a  discourse  addressed  in  .May  1859  to  the  Imperial  Academy  of 
Scieocei of  Vienna,  by  the  distinguished  Astronomer  Littrow,  a  very  full  ac- 
count is  given  of  the  voluntary  contributions  of  the  private  observers  of 
all  nations  to  the  exten^^ion  of  the  science  of  Astronomy  ;  and  this  discourse 
concludes  with  a  remarkable  sentence,  of  \\  hich  our  English  Amateurs  may 
well  be  proud :  he  expresses  a  hope  that  on  the  next  occasion  in  which  he 
shall  be  called  upon  to  dilate  oa  the  same  theme,  be  shall  not  as  then  have 
to  mention  English  names  in  such  preponderating  numbers. 

1\t  the  beginning  of  the  year  1820,  when  the  Astronomical  Society  was 
founded,  the  private  Observatories  in  this  country  were  very  few  in  number. 
The  establishment  of  that  Society  gave  a  most  remarkable  stimulus  to  the 
euttivation  of  the  science  which  it  was  intended  to  promote.  1  can  give  no 
better  proof  of  this  than  the  fact  that  the  Nautical  Almanac  now  contains  a 
list  of  no  less  than  twelve  private  Observatories  in  the  United  Kingdom,  at 
nearly  all  of  which  some  good  work  has  been  done ;  and  in  addition  to  this, 
some  Obsitrvatorles,  which  have  been  since  discontinued,  haveperformed  most 
important  services— I  may  instance  that  of  the  two  Heisehels  at  Slough,  and 
that  of  Admiral  Smyth  at  Bedford. 

It  may  not  be  uninteresting  if  I  describe  the  nature  and  utility  of  some 
of  the  results  which  these  several  establishments  have  furnished  to  the  worid : 
I  say  the  world  advisedly,  for  scientific  facts  are  the  common  inheritance  of 
all  mankind. 

But  first  a  word  as  to  the  peculiar  province  of  the  observatories  which  are 
properly  called  "  public,"  such  as  the  far-famed  Institution  at  Greenwich. 
Tiieir  task  is  now  more  peculiarly  to  establish  with  the  last  degree  of  accu- 
racy  the  places  of  the  principal  heavenly  bodies  of  our  own  system,  and  of 
the  brighter  or  fundamental  fixed  stars,  which  are  about  100  In  number. 
But  in  the  eariy  stages  of  Astronomy,  we  were  necessarily  indebted  to  public 
Observatories  for  all  the  data  of  the  science.  On  the  other  hand,  their  vo- 
luntary rivals  occupy  that  portion  of  the  great  astronomical  field  which  is 
nntilled  by  the  professional  observer;  roving  over  it  according  to  their  own 
free  will  and  pleasnrC}  and  cultivating  with  industrious  hand  such  plants  as 
the  more  continuous  and  severe  labours  of  the  public  Astronomer  leave  no 
time  or  opportunity  to  bring  to  maturity. 

The  observations  of  our  private  observers  have  been  chiefly  devoted  to 
seven  important  objects 

First  The  observing  and  mapping  of  the  huiallcr  starts  under  which  term 
1  include  all  those  which  do  not  form  the  peculiar  province  of  the  public 
observer. 

Secondly.  The  observations  of  the  positions  and  distances  of  double  stars. 
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Thirdly.  Observations,  delineatioiH,  and  Catalogues  of  the  Nebulas* 
Fourthly.  Observations  of  the  miaor  planets. 
Fifthly.  Coraetary  observations. 

Sixthly.  ObservAlions  of  the  solar  9poU>  and  other  phenomena  on  the 

Sun's  disc. 

Seventhly.  Occultations  of  stars  by  the  Moon,  eclipses  of  the  heavenly 
bodici!.  and  other  occasional  eztraonieridional  observations* 

And  first  as  to  cataloguing  and  mapping  the  smaller  stars.  This  meana^ 
as  you  know,  the  accarute  determination  by  astronomical  observation  of  the 
plaees  of  those  objects,  as  referred  to  certain  assumed  fixed  points  in  the 
heavens*  The  first  Star  Catalogue  worthy  to  be  so  called,  is  that  which  goes 
by  the  name  of  Flamsteed*s»  or  the  British  Catalogue.  It  contains  above 
8(XX>  stars,  and  is  the  produce  of  the  labours  of  the  first  Astronomer  Royal 
of  Greenwich*  labours  prosecuted  under  circumstancea  of  great  difficulty* 
and  the  results  of  which  were  not  given  to  the  world  in  a  complete  form  till 
many  yeara  had  elapsed  from  the  time  the  observations  were  made,  which 
was  during  the  latter  half  of  the  seventeenth  eentury.  About  the  middle 
of  the  eighteenth  century,  the  celebrated  Dr.  Bradley,  who  also  filled  the  post 
of  Astronomer  Royali  observed  an  almost  equally  extensive  Catalogue 
of  Stars,  and  the  beginning  of  the  nineteenth  century  gave  birth  to  that  of 
Piaiii  of  Palermo*  These  three  are  the  most  celebrated  of  what  mav  be 
now  termed  the  ancient  Catalogues*  About  the  year  1830  the  attention  of 
modem  astronomers  was  more  particularly  directed  to  the  expediency  of  re* 
observing  the  stars  in  these  three  Catalogues,  a  task  whleh  was  much  faci- 
litated by  the  publication  of  a  veiy  valuable  work  of  the  Astronomical 
Society,  which  rendered  the  calculations  of  the  observations  to  be  made  com* 
paratively  easy,  and  accordingly  observations  were  commenced  and  com- 
pleted in  several  public  and  private  Obscrvatoricji,  from  which  some  curious 
results  were  deduced,  as  e.  //.,  sundry  sLais  were  found  to  be  missing,  and 
others  to  have  what  is  calLd  proper  motion.  And  now  a  word  as  to  the 
uhlity  of  this  course  of  ob'iervation.  It  is  well  observed  by  Sir  John 
Ilerschel,  "  that  the  stars  are  the  latiiitnarka  of  the  [Jniverse;  every  well-deter'* 
mined  star  is  a  point  of  departure  which  can  never  deceive  the  astrononitT, 
geographer,  navigator,  or  survoyor."  We  must  have  tliese  fixed  points  in 
order  to  refer  to  them  all  the  ubstrvatious  ot  the  wandering  heavenly  bodies, 
the  planets  aiid  ihe  coiuets.  By  these  tixtd  marks  we  determine  thes'tuation 
of  places  on  the  rart!r<  !«tnTaro,  and  uf  ships  on  theocpan.  When  the  places  of 
the  stars  ha%'e  been  registered,  cel<  slia!  charts  are  constructed  ;  and  by  com- 
paring these  with  the  heavens,  we  at  once  discover  whether  any  new  body 
be  present  in  the  particular  locality  under  observation:  and  thus  have  most 
of  the  fifty-seven  small  or  minor  planets  between  Mars  anil  Jupiter  been 
discovered.  The  observations,  however,  of  these  smaller  stars,  and  the  re- 
gistry of  their  places  in  Catalogues,  and  the  comparisons  of  the  results  ob* 
tained  at  different  and  Uiatant  penod«»  have  revealed  another  eitraordinaiy 
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fact,  no  les«  than  that  our  own  Sun  is  not  fixed  in  space,  but  that  it  is  con- 
stantly moving  forward  toward*  a  point  in  the  constellation  Hercules,  nt  the 
rate>  as  it  is  supposed,  of  about  18,000  miles  an  bour,  earrjiog  with  it  the 
whole  planetarj  and  cometary  system ;  and  if  our  San  moves,  probably  all 
tbe  other  stars  or  suns  move  also,  and  the  whole  universe  is  in  a  perpetual 
state  of  motion  through  space. 

The  second  subject  to  which  tbe  attention  of  private  observers  has  been 
inore  partioularly  directed,  is  that  of  doable  or  multiple  stafs,  or  those  which, 
being  situated  very  close  to  one  anothert  appear  single  to  the  naked  eye,  but 
when  viewed  through  powerful  telescopes  are  seen  to  oonsut  of  two  or  more 
Stan*  The  measuring  the  angles  and  distances  from  one  another  of  the  two 
or  more  component  stars  of  these  systems,  has  led  to  the  discovery  that  many 
of  these  very  close  state  am  in  fact  acting  as  suns  to  one  another,  and  revol* 
ving  round  their  common  centre  of  gravity,  each  of  them  probably  carrying 
with  it  a  whole  system  of  planets  and  oomets,  and  perhaps  each  carried  for> 
ward  through  space  like  our  own  sun.  It  became  then  a  point  of  great  in- 
teicst  to  determine,  whether  bodies  so  far  removed  from  us  as  these  systems, 
observed  Newton's  law  of  gravity,  and  to  this  end  it  was  necessary  to  observe 
the  angles  and  distances  of  a  great  number  of  these  doable  stars  scattered 
everywhere  through  the  heavens,  for  the  purpose  of  obtaining  data  to  com- 
pute their  orbiti*  This  has  been  done,  and  ohieBy  by  private  observes;  and 
the  result  is  that  these  distant  bodies  are  found  to  be  obedient  to  the  same 
laws  that  prevail  in  our  own  system. 

The  Nebulae  are,  as  it  were,  systems  or  rings  of  stars  scattored  through  space 
at  incredible  distances  from  our  star  system,  and  perhaps  from  one  another; 
and  there  luc  mauy  of  these  mysterious  clouds  of  ligiit,  ant!  there  may  be 
t-iidiess  invisible  regions  of  space  similarly  tenanted.  Now  tlie  nearest  fixed 
star  of  our  star  system  whose  distance  has  been  measuredjis  the  brightest  in  the 
consteilatioii  Ccutaur,  one  of  the  Southern  constellation:!,  and  this  nearest  is 
yet  so  far  removed,  that  it  takes  light,  travelling  at  the  rate  of  about  192,000 
miles  per  second,  three  years  to  arrive  at  the  onrfh  from  that  star.  \Vhen 
we  gaze  at  it,  thereiore,  we  t^ee  it  only  as  it  existed  three  year*  ago;  some 
great  convulsion  of  nature  may  have  since  destroyed  it.  Rut  there  are  many 
bright  stars  in  our  own  system,  whose  distance  is  so  niueii  greater  than  this, 
as  a  Cygni,  for  example,  that  astronomers  have  not  succeeded  in  measuring  it. 
What,  then,  must  be  the  distance  of  these  nebula^,  M  ith  which  so  much  space 
u  filled ;  every  component  star  in  which  may  be  a  sun,  with  its  own  system 
of  planets  and  comets  revolving  round  it,  each  planet  inhabited  by  myriads 
of  inhabitants  t  What  an  overpowering  view  does  this  give  us  of  the  extent 
of  creation  t  The  component  stars  of  these  nebulae  are  so  faint  and  appa- 
rently so  close  together,  that  it  is  necessary  to  use  telescopes  of  great  power, 
and  with  apertures  so  laige  as  to  admit  a  great  amount  of  light,  for  their  ob* 
servation.  We  owe  it  more  especially  to  four  individuals,  that  telescopes 
have  been  eoDstruotcdy  at  a  great  cost  and  with  great  mechanical  skill,  suf* 
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ficiently  powerful  to  penetrate  these  depths  of  space.  Those  four  indivi- 
duals are  the  Herschels,  father  and  son,  Lord  Ro8ae»  aod  Mr.  Win.  LawelK 
That  praiseworthy  nobleman,  Lord  Rosi»e,  began  h»  meritorioos  career  by 
obtaining  a  First  Class  at  this  University,  and  has,  as  you  know,  spent  large 
MUDS  of  money  and  displayed  considerable  mechanical  genius  in  erecting* 
near  his  own  Castle  in  Ireland,  an  instrument  of  far  greater  power  than  any 
other  in  the  world ;  and  with  it  he  bss  observed  these  nebuln*  and  employed 
skilful  artists  to  delineate  tlieir  forms :  and  he  has  moreover  made  the  very 
cotious  dtsoovery,  that  aome  of  them  are  arranged  in  a  spiral  form,  a  fact 
which  gives  rise  to  much  intereiting  speculation  on  the  kind  of  forces  by 
which  their  parts  are  held  together.  It  were  much  to  bo  wished  that  obserw 
vations  similar  to  thesei  and  with  instruments  of  nearly  the  same  power* 
aboold  be  made  of  the  Southern  nebulsB  also;  that  this  generation  might 
be  able  to  leave  to  posterity  a  record  of  their  present  eonflgorattons.  The 
distinguished  Astronomer*  Mr.  Wm.  Lassell*  the  discoverer  of  Neptune's 
salellitet  has  just  finished  at  his  own  cost  an  mstrument  eqnid  to  the  task* 
mounted  equatorially;  and  I  am  not  without  hope  that  it  may*  at  perhiqis 
no  very  distant  period*  be  devoted  to  its  accomplishment  A  recent  oom- 
munication  from  him  to  the  Astronomical  Society  expresies  satisfaction  with 
the  mounting  of  his  instrument*  and  after  many  trials  its  great  speculum  hat 
at  last  come  forth  nearly  perfect  from  his  laboratory. 

I  am*  however*  warned  by  the  lapae  of  time,  that  it  will  not  be  possible  for 
ipe  to  exhaust  the  whole  field*  the  limits  of  whidi  I  have  sketched,  in  which 
private  enterprise  has  been  assiduously  at  work  Co  enlarge  the  bounds  of 
astronomical  knowledge.  I  will  therefore  pass  at  once  to  the  two  moat  in- 
teresting subjects  which  remain,  the  observations  of  Comets*  and  of  peculiar 
appearances  on  the  Sun's  disc. 

Of  all  ilu'  phenomena  of  the  heavens,  there  are  none  which  excite  more 
general  iiilcicsL  ili.ui  cometsi,  those  vagrant  strangers,  the  gipsies  as  they 
Iiave  been  termed  of  our  solar  system,  which  often  come  we  know  not  whence* 
and  at  periods  when  we  least  expect  them :  and  sucli  is  the  cftcct  produced 
by  the  strangeness  and  suddenness  of  tlicir  aj)pearance,  and  the  mysterious 
nature  of  some  of  the  facts  connected  with  them,  that  while  in  ignorant  times 
they  excited  alarm,  they  now  sometimcg  seduce  men  to  leave  other  employ- 
raents  and  become  Astronomers.  Now,  though  the  larger  and  brigliter 
comets  naturally  excite  most  general  public  inti k  st,  and  are  really  valuable 
to  astronomers,  as  exhibiting  appearances  which  tend  to  throw  Hs^ht  on  the 
internal  structure  of  these  bodies,  and  tlie  nature  of  the  forces  which  must 
be  in  operation  to  produce  the  extraordinary  phenomena  observed,  yet  some 
of  the  smaller  telescopic  comets  are,  perhaps,  more  interesting  in  a  physical 
point  of  view.  Thus  the  six  periodical  comets,  the  orbits  of  which  have  been 
determined  with  tolerable  accuracy,  atjd  which  return  at  stated  intervahbue 
extremely  useful  as  being  likely  to  disclose  facts,  of  which  but  for  them  we 
should  possibly  have  ever  remained  ignorant.  Thui^  for  exainple^  when  the 
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comet  of  £nck«,  which  performs  its  rcvoUition  in  a  period  of  a  little  more  than 
thr^e  years,  wa^  observed  ateacli  return,  it  disclosed  the  important  and  unex- 
pected fact,  that  its  motion  wa^i  coutinually  accelerated.  At  each  auccenive 
approach  to  the  Sun  it  arrives  at  its  perihelion  sooner  and  sooner;  and  there 
is  no  way  of  accounting  for  tht^  so  aatt^factory  as  that  of  supposing  that  the 
space,  in  which  the  planetary  and  comeUry  motions  are  performed,  is  every- 
where pervaded  by  a  very  rarefied  atmosphere  or  ether,  so  ttiin  as  to  exercise 
DO  perceptible  effect  on  the  movements  of  massive  solid  bodies  like  the  planets, 
but  substantial  enough  to  exert  a  very  important  inftuenee  on  more  attenuated 
substances  moving  with  great  velocity.  The  efkci  of  the  resistance  of  the 
ether  is  to  retard  the  tangential  motion,  and  allow  the  attractive  force  of 
gravity  to  draw  the  body  nearer  to  the  Sun,  by  which  the  dimensions  of  the 
orbit  are  continually  contracted  and  the  velocity  in  it  augmented*  The  final 
result  will  be  that  after  the  lapse  of  ages  this  comet  wilt  fall  into  the  Sun; 
this  body,  a  mere  hazy  cloud,  coutinually  flicltering  as  it  were  like  a  celestial 
moth  round  the  great  luminary,  is  at  some  distant  period  destined  to  be  mer- 
ellessly  consumed*  Now  the  discovery  of  this  ether  is  deeply  interesting  as 
bearing  on  other  important  physical  questions,  such  u  the  undulatory  theory 
of  light ;  and  the  probability  of  the  future  absorption  of  comets  by  the  Sun 
is  important  as  connected  with  a  very  interesting  speculation  by  Ptofesaor 
Willium  Thomson,  who  has  suggested  that  the  heat  and  light  of  the  Sun  may 
be  from  time  to  liine  rcpleiiisliod  by  the  Calling  in  and  abs»>rption  of  count- 
less meteors  which  circulate  round  liiin ;  and  here  we  have  a  cau-^e  revealed 
vhich  may  accelerate  or  produce  such  an  event. 

In  the  progress  of  science  it  oiien  happens  tliat  a  particular  class  of  obser- 
vation's,  all  at  once,  and  owing  to  some  peculiar  circumstance,  attracts  very 
gpneral  attention  and  becomes  deeply  interesting.  This  has  been  the  case 
witiiio  tlie  last  few  years  in  reference  to  observations  of  the  Sun's  disc,  which 
were  nf  one  lime  made  by  very  few  individuals,  and  were  indeed  very  much 
lieglect'Ml  Ijoth  by  professional  and  amateur  Astronomers.  Daring  this  sea- 
son of  comparative  neglect,  there  were  not,  however,  wanting  some  enthusiastic 
individuals,  who  were  in  silence  and  seclusion  obtaining  data  of  great  import- 
ance. 

On  the  1st  of  JSeptember  last,  at  11**  18"  a.m.,  a  distinguished  Astronomer, 
Mr.  Carrini^ton,  had  directed  his  telescope  to  the  San,  and  was  engaged  iu 
ob<(  I  ving  his  spots,  when  suddenly  two  inten-iely  luminous  bodies  bai'st  into 
view  Of)  it-*  surface.  They  moved  side  by  side  through  a  space  of  about 
35,000  miles,  first  increasing  in  brightness,  then  fading  away;  in  5  minutes 
they  had  vanished.  They  did  not  alter  the  shape  of  a  group  of  large  black 
spots  whieli  lay  directly  in  their  paths.  Momentary  as  this  remarkable  phe- 
nomenon was,  it  was  fortunately  witnessed  and  confirmed,  as  to  one  of  the 
bright  lights,  by  another  observer,  Mr.  Hodgson  at  Highgate,  who  by  a 
happy  coincideooe  had  also  his  tele.<cope  directed  to  the  great  luminary  at 
the  same  instant*  It  may  be,  therefore,  that  these  two  gentlemen  have 
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aetuaUy  witnessed  the  process  of  feeding  the  Sun,  by  the  fall  of  meteorio 
matter;  but  however  this  may  be,  it  is  a  ranarkable  circumstance,  that  the 
ohsenrations  at  Kew  show  that  on  the  very  day,  and  at  the  very  hour  and 
mmute  of  this  unexpected  and  curious  pheDomenoo,  a  moderate  but  marlted 
magnetic  disturbance  took  place ;  and  a  storm  or  great  disturbance  of  the 
magnetic  dements  occurred  four  hours  after  midnight,  extending  to  the 
sontbern  hemisphere.  Thus  is  exhibited  a  seeming  connexion  between  mag* 
netie  phenomena  and  certain  actions  taking  place  on  the  Snn's  disc — a  con- 
nexion, which  the  observations  of  Schwabe,  compared  with  Uie  magnetical 
records  of  our  Colonial  Observatories,  had  already  rendered  nearly  certain, 
llie  remarkable  results  derived  from  the  comparison  of  the  magnetical 
observations  of  Captain  Maguire  on  the  shores  of  the  Polar  Sea,  with  the 
contemporaneous  records  of  these  observatories*  have  been  described  by  me 
on  a  former  occasion.  The  delay  of  the  Government  in  re*establishing  the 
Colonial  Observatories  has  hitherto  retarded  that  further  development  of  the 
magnetic  kws,  whicb  would  doubtless  have  resulted  from  the  prosecution  of 
sacfa  researches. 

We  may  derive  an  important  lemon  fVom  the  facts  above  alluded  to. 
Here  are  striking  instances  in  which  independent  observations  of  natural 
phenomena  have  been  strangely  and  quite  unexpectedly  connected  together; 
this  tends  powerfully  t<>  prove,  if  proof  were  necessary,  that  if  we  are  really 
ever  to  attain  to  a  satisfactory  knowledge  of  Nature's  laws,  it  must  be  accom- 
plished by  an  assiduous  watching  of  all  her  phenomena,  in  every  department 
into  which  Xatuiul  Science  is  divided.  Experience  shows  that  sucli  obser- 
vations, if  made  with  all  tlioijc  precautions  which  lung  practice  combined 
with  natural  acuteness  teaches,  often  lead  to  discoveries,  which  cannot  be  at 
all  foreseen  by  the  obbervertj,  though  many  years  may  elapse  bclore  the 
whole  harvest  is  reaped. 

I  cannot  allude  to  the  subject  of  Arctic  voyages  without  congratulating 
the  Association  on  the  safe  return  of  Sir  Leopold  M'Clintock  and  his  gallant 
band,  after  accomplishing  safely  and  satisfactorily  the  object  of  their  inter- 
esting mission,  'i'he  great  results  accomplished  with  such  small  means,  and 
chiefly  by  the  display  of  those  qualities  of  indDmitablo  c  turage,  energy  and 
perseverance  which  never  fail  the  British  seaman  in  the  hour  of  need,  arc  the 
theme  of  general  admiration  ;  but  I  may  be  permitted  in  passing  to  express 
some  regret,  that  it  was  left  to  the  devoted  affection  of  a  widowed  lady, 
slightly  aided  by  private  contributions,  to  achieve  a  victory  m  which  the 
honour  of  the  nation  was  so  largely  involved, — the  rather  that  the  danger  of 
the  enterprise, — the  pretext  for  non-interference — was  much  enhanced 
thereby!  and  the  accessions  to  our  scientific  and  geographical  knowledge 
ptoportionably  curtailed. 

The  instances  to  which  I  have  alluded  are  only  a  few  of  many  which 
could  be  adduced  of  an  insufficient  appreciation  of  certain  objects  of 
scientific  research*    Large  sums  are  expended  on  matters  connected 
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With  seienee^  but  this  b  done  on  no  certaia  and  noiform  system;  and 
there  u  no  proper  aeeurity  that  those  who  are  meet  competent  to  give  good 
advice  on  such  questions,  should  be  the  actual  persons  eonsulted.    It  was 
partly  with  the  hope  of  remedying  these  defects  and  of  generally  improving 
the  position  of  science  in  the  country  in  ita  relation  to  the  Government,  that 
the  Pkiriiamentary  Committee  of  thia  Association  was  established ;  and  It 
was  partly  with  the  same  hope  that  I  was  induced  to  accept  the  honourable 
office  of  President  of  the  Royal  Society,  though  conscious  at  the  time  that 
there  were  very  many  far  tietter  qualified  than  myself  to  hold  it.   Many  of 
those  whom  I  am  now  addressing  are  aware  of  the  steps  which  were  adopted 
by  the  Parliamentary  Committee,  and  subsequently  by  the  Committee  of 
Recommendations  of  this  Association,  for  the  purpose  of  collecting  the 
opinions  of  the  cultivators  of  science  on  the  question,-*  Whether  any  measures 
could  be  adopted  by  Government  or  Parliament  that  would  improve  our 
position?  The  question  was  afterwards  referred  to  and  discussed  by  the 
Council  of  the  Royal  Society,  who,  on  the  lath  of  January,  1857,  agreed 
upon  twelve  resolutions  in  reply  thereto.   These  resolutions  recommend, 
among  other  things,  that  Government  grants  in  aid  of  local  funds  should  be 
applied  towards  the  teaching  of  science  in  schools,  the  formation  of  Provincial 
Museums  and  Libraries^  and  the  delivery  of  lectures  by  competent  persons, 
acoompanied  by  examinatioDs ;  and  finally,  that  some  existing  scientific  body, 
or  some  Board  to  be  created  for  the  purpose,  should  be  formally  recognized, 
which  might  advise  the  Government  on  all  matters  connected  with  science, 
and  especially  on  the  prosecutioii,  reduction,  and  publication  of  scientific 
researches,  and  the  amouut  of  Parlianx ntary  or  other  grants  in  aid  thereof; 
also  on  the  general  principles  to  be  adopted  in  reference  to  public  scientific 
appointments,  and  on  the  iiieaNures  necessary  for  the  more  general  diffusion 
of  a  knowledge  of  physical  science  among  the  naiiuu  at  large ;  and  which 
might  also  be  consulted  by  the  Government  on  the  crrants  of  pensions  to  the 
cultivators  of  science.    I  was  requested  to  transmit  those  resolutions  to  Lord 
Palmerston,  and  also  to  the  Parbameotary  Committee  of  this  Association. 
Since  that  period  these  resolutions  have  been  discussed  by  that  Committee; 
but  partly  berause  some  of  its  uiosit  influential  meinbei's  have  expressed 
grave  doubts  as  to  the  expediency  of  urghig  their  adoption  at  alb  and  partly 
from  the  want  ot  a  fav  jurabie  opportunity  for  bringing  them  furw  ai d,  nothing 
further  has  as  yet  been  done.    I  thought,  hou  cver,  Uiat  the  time  was  arrived 
at  which  it  was  only  proper  that  1  should  explain  the  steps  N^hich  had  been 
already  taicen,  and  the  actual  position  in  which  the  question  now  stands.  If 
it  be  true,  as  some  of  our  friends  imagine,  that  the  recognition  of  such  a  body 
as  has  been  above  described,  however  useful  it  might  prove  if  the  public 
were  dnposed  to  put  confidence  in  its  suggestions,  would  only  augment  that 
feeling  of  jealousy  which  is  disposed  to  view  every  application  for  aid  to 
scientific  research  in  tlie  light  of  a  request  for  some  personal  boon,  to  be 
bestowed  on  some  favoured  individual,  then  indeed  its  institution  would  not 
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be  expedient    I  ooly  wuh  that  persons  who  entertain  such  views,  would  pay 
•omc  attention  to  the  worktog  of  the  Government  Grant  Committee  of  the 
Royal  Society*  a  body  competed  of  forty-two  persons  selected  from  among 
the  roobt  eminent  cultivators  of  scieooe,  and  uhich  is  entrueted  with  the 
distribntion  of  an  annual  sum  of  £1000»  placed  by  Parliament  at  the  disposal 
of  the  Royal  Society  at  the  tuggeetion  of  Lord  John  Rueeell»  in  aid  of 
■deutific  inqulriea.  One  of  the  rules  of  that  Committee  is»  that  no  aum 
whatever  shall  he  given  to  defray  the  merely  penonal  expense*  of  the 
experimenten;  all  It  tpent  on  materialt  and  the  eonttruetion  or  purchaie  of 
inttrnmenta,  except  in  a  very  few  and  rare  inataneet  in  which  travelling  ex- 
penaet  form  the  etaentlal  feature  of  the  outlay.  A  list  of  the  oljcctt  to  which 
the  grants  are  devoted  hat  been  published  by  Parliament;  among  them  an 
interetting  investigations  into  the  laws  of  heatt  the  strength  of  materials  used 
Id  building,  the  best  form  of  boilers,  from  the  bursting  of  which  so  many 
fatal  accidents  are  continually  occnrring,  the  electric  conductivity  of  metals, 
so  important  for  telegraphic  communication,  and  into  many  other  questionsy 
in  the  solution  of  which  the  public  generally  have  the  deepest  interest  The 
cost  of  these  reaeafches  has  been  defrayed  by  these  valuable  grants.  They 
have  pfovidedalso  for  the  construction  of  better  and  standard  meteorological 
and  magnetical  instruments,  for  the  execution  of  valuable  drawings  of  scarce 
fossils  and  zoological  specimens  collected  with  great  labour  by  distinguMied 
naturalists,  for  the  reduction  and  publication  of  astronomical  observations  by 
some  of  our  most  highly  esteeniod  Astronomers,  and  for  physiological  re- 
searches which  have  an  iinportaiiL  btuiiug  oo  our  knowledge  of  the  human 
frame.    Time  indeed  would  lail  me  were  1  lu  attempt  to  describe  all  the  good 
done  and  perhaps  evil  prevented  by  the  distribution  of  these  grants;  and 
yet  no  portion  of  the  money  can  be  said  to  be  really  received  by  those  to 
whom  it  is  appropriated,  inasnmcli  a;-  it  is  all  spent  in  tiie  various  means  and 
appliaiicen  of  research;  in  phort,  to  quote  from  a  letter  juidnssid  to  the 
Secretary  of  the  Treasury,  at  a  time  when  the  grant  was  teinj)orarii}  w  iihhehi, 
**by  the  aid  of  this  contribution,  the  Governmejit  has,  in  fact,  obtained  for 
the  advancement  of  science  and  the  national  character,  the  personal  and 
gratuitous  services  of  men  of  first-rate  emnience,  which,  without  this 
comparatively  small  assistance,  would  not  have  been  so  up])lied."    I  think 
that  we  were  justified  in  teriniug  this  assistance  small ;  for  it  is  really  so 
in  comparison  with  the  amount  of  other  sums  whieii  are  applied  to  analogous 
objects,  but  without  that  wholettome  control  of  intelligent  distributors, 
thoroughly  and  intimately  conversant  with  the  characters  and  competency  of 
those  who  apply  for  the  grants.    The  recognition  of  such  a  Board  as  has 
been  sketched  out  by  the  Council  of  the  Royal  Society,  may  not  lead  to 
a  greater  expenditure  of  public  money,  indeed  it  is  much  more  likely  to 
curtail  it;  as  some  who  now  apply  for  aid  through  the  interest  of  persons 
having  influence  with  those  in  authority,  who  arc  generally  but  ill-informed 
on  the  sulject' matter  of  the  application,  would  hesitate  long  before  they 

Digitized  by  Google 


REPORT — 1860. 


lijade  a  similar  request  to  those  who  are  thoroughly  conv(M-satit  with  it ;  and  it 
is  on  this  account  tiiat  comparatively  few  of  the  applications  to  the  Govern- 
liifut  Grant  Conimittcc  are  rejected.  Moreover,  inasmucli  as  every  grant 
passed  by  the  projioM  d  Board  would  afterwards  receive  the  jealous  scrutiny 
of  Parliament,  whose  sanction  must  of  course  be  obtained,  T  am  disposed  to 
think  that  were  I  to  support  the  establishment  of  such  a.-=(i<ntific  Council,  or 
the  formal  recognition  by  the  State  of  some  existing  scientific  body  iu  tliat 
capacity,  I  should  be  advocating  tiiat  which  would  prove  a  valuable  addition 
to  the  Institutions  of  my  country. 

licforc  I  finally  conclude  my  observations  on  the  important  question  I 
have  introduced  to  your  notice,  and  on  which  perhaps  I  have  already  said 
too  much  at  the  risk  of  wearying  you,  I  must  guard  myself  against  one 
misapprehension,  and  that  i^  that  we  are  anxious  to  obtain  a  large  augmenta- 
tion of  the  iSiOOO  now  voted  hj  Parliament  This  is  by  do  means  our  wish ; 
that  aoDual  sum  is  in  ordinary  years  aafficient,  and  sometimes  more  tluui 
sufficient,  and  there  is  nothing  that  would  be  more  deprecated  than  any 
large  increase;  but  there  is  a  very  general  feeling  among  those  most 
competent  to  form  an  opinion  on  these  matters,  that  when  the  well-con-» 
sidered  interests  of  science  and  the  national  good  demand  an  extraordinary 
ontlay,  auch  as  cannot  be  defrayed  out  of  the  proceeds  of  the  ordinary  yearly 
grant, — as,  for  example,  for  surveying  and  exploring  expeditionst  for  tbe 
establishment  and  maintenance  of  magnetic  observatories,  for  the  purchase 
of  costly  astronomical  instruments,  for  expensive  astronomical  excursions, 
such  as  that  to  Teneriffe^^^tbat  tbe  expediency  of  tbe  giant  is  more  likely  to 
be  properly  investigated  and  tested,  if  referred  to  those  whose  avocations  bave 
given  them  tbe  requisite  knowledge,  than  if  tbe  concession  or  rejection  of  the 
proposal  be  permitted  to  depend  on  such  acddents,  as,  whether  this  or  that 
individual  apply,  or  this  or  that  statesman  fill  the  office  of  Chancellor  of  the 
Exchequer. 

I  trust  that  I  may  be  pardoned  the  long  digression  in  which  I  have 
indulged,  in  consideration  of  tbe  importance  of  the  subject 

Having  detailed  tome  of  the  valuable  services  of  our  amateur  Astronomers, 
let  me  not  be  accused  of  being  unjust  to  tbe  professional  contributon  to  tbe 
data  of  that  noble  science.  Most  valuable  Star  Catalogues  have  resulted  from 
the  labours  of  our  public  Observatories,  and  from  Greenwich  in  particular. 
There  are  also  two  Observatories  which  bave,  as  it  were,  a  qtum  public 
character,  viz.  the  Raddiffe  Observatory  and  that  of  Armagh,  which  have 
contributed  much  to  this  department  of  Astronomy.  Your  former  President 
the  accomplished  and  learned  Dr.  Robinson  of  Armagh,  has  lately  presented 
to  the  astronomical  world  a  Catalogue  of  the  places  of  more  than  50C>0  stars, 
and  in  so  doing  has  conferred  a  mobt  important  benefit  on  his  favourite 
science. 

But  it  would  be  an  uii|  n  ilonublc:  omission  were  I  to  neglect  to  express  our 
gratitude  lo  our  great  Nutiuual  Institutiou  at  Greenwich,  for  the  manner  in 


Digitized  by  Google 


ADDRESS. 


which  it  hat  oonsiskenlly  dincharged  the  task  impoaed  upon  it  by  ita  fottoder 
and  thoae  who  inaagarated  ita  first  proceedings.  The  doty  assigned  to  it 
waa  **  to  rectify  the  tables  of  the  motions  of  the  heavens  and  the  plaoes  of 
the  fixed  stars,  in  order  to  find  out  the  so  much  desired  longitude  at  sea»  for 
perfecting  the  art  of  navigation  ;**  and  gloriously  has  it  executed  its  laslc. 
For  two  centuries  it  has  been  at  work,  endeavouriog  to  give  to  the  determi- 
nations of  the  places  of  the  principal  fixed  stars  and  of  the  heavenly  bodiea 
of  our  own  solar  system,  and  more  especially  of  the  Moon»  the  utmost  degree 
of  precision  ;  and  during  the  same  period,  the  master  minds  of  Europe  have 
been  engaged  in  perfecting  the  analytical  theory,  by  which  the  many  and 
most  perplexing  inequalities  of  the  Moon's  motion  must  be  accounted  for 
aiiU  represented,  belore  Tables  can  be  construct(!d  giving  the  place  of  our 
satellite  w  ith  thai  accuracy  that  the  modern  state  of  science  demands. 

The  very  important  task  of  calculating  such  Tables  has  just  been  tinislu d. 
Our  able  and  accomplished  Director  of  the  National  Observatory,  Mr.  Airy, 
bad  caused  all  the  observations  of  the  Moon  made  at  Greenwich,  from  1750 
to  1830,  to  be  reduced  upon  one  uniform  system,  emphiyiug  constants 
derived  from  the  be^L  modern  researches;  and  a  distinguished  Danish  Pro- 
fessor, who  had  been  for  some  time  engaged  in  calculating  new  Tables  of  the 
Moon,  availed  himself  of  the  data  -^o  furniihed.  Professor  Hansen  happily 
brought  to  his  task  all  tlie  aeeampUsiiineiiN  of  a  practi?ied  ol)server,  and  of 
one  of  the  most  able  analysts  of  modern  times,  combhied  with  the  most 
determined  industry  and  perseverance.  In  the  completion  of  it  he  was 
liberally  assisted  by  our  Government,  at  a  time  when  an  unhappy  war  had 
deprived  the  Danish  Government  of  the  means  of  further  aiding  their  Pru- 
fessor*  and  a  great  asU'onomical  work  had  been  suspended  for  want  of  £300» 
a  sum  which  many  do  not  hesitate  to  spend  on  the  purcliaso  of  some  u<(e1es8 
luxury.  Professor  Hansen's  Tables  are  now  finished  and  published.  They 
agree  admirably  with  the  Greenwich  Observations  with  which  they  have 
been  compared*  and  the  mode  of  their  execution  has  been  approved  by  those 
competent  to  express  an  opinion  on  such  a  sutject.  They  have  been 
rewarded  also  with  the  Gold  Medal  of  the  Astronomical  Society,  a  distinction 
never  lightly  bestowed. 

In  paying  this  tribute  to  the  merit  of  Professor  Hansen,  I  must  not  be 
understood  as  wbhing  to  ignore,  far  less  depreciate,  that  of  three  very  emi- 
nent geometers^Phina,  Lubbock,  and  Poot^coulant,  who  have  devoted 
years  of  anxious  and  perhaps  ill-requited  labour  to  the  investigation  of  the 
Lunar  inequalities,  but  who  have  never  yet  embodied  the  results  in  the  only 
form  useful  to  Kavigation,  that  of  Tables. 

A  curious  controversy  has  lately  arisen  on  the  subject  of  the  acceleration 
of  the  Moon*s  motion,  which  is  now  exciting  great  interest  among  mathe- 
maticians and  physical  astronomers.  Professor  Adams  and  M.  Dekunay 
take  one  view  of  the  question ;  MM.  Plana,  Pont^ulant,  and  Hansen  the 
other.   Mr.  Airy,  Mr.  Main  the  President  of  the  Astronomical  Society,  and 
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Sir  John  Lubbock  support  tbe  coodiisioiM  at  which  Profenor  Adaiii«  liM 
arrived.  The  question  in  dispute  is  strictly  mathematica] ;  and  it  is  a  vary 
remarltable  eireumstauoe  in  the  history  of  Astronomy,  that  such  great  names 
sliould  be  ranged  on  opposite  sides,  seeing  that  the  point  invoWed  is  really 
no  other  than  whether  certain  aaalytical  operations  have  been  conducted  on 
right  principles ;  and  it  is  a  proof  tberefore,  if  any  were  wanting,  of  the  eitra« 
ordinary  complexity  and  difficulty  of  these  transcendental  inquiries.  The 
cootroveray  is  of  the  following  nature  t~-Thc  Moon's  motion  round  the  Earth, 
which  would  be  otherwise  uniform,  is  disturbed  by  the  Sun's  attraction ;  any 
cause  therefore  which  affects  the  amount  of  that  attraction  affiscts  also  the 
Moon's  motion :  now.  as  the  eccentricity  of  the  Earth's  orbit  is  gradually 
decreaiiing,  the  average  distance  of  the  Sun  is  slightly  increasing  every  year, 
and  his  disturbing  force  becomes  Icsa;  hence  tbe  Moon  is  brought  nearer  the 
Earth,  but  at  the  rate  of  less  than  one  inch  yearly ;  her  gravitation  towards  the 
Earth  is  greater,  and  her  motion  is  proportionably  accelerated.  It  is  on  the 
secular  acceleration  of  the  Moon's  mean  motion,  arising  from  this  minute 
yearly  approach,  that  the  dispute  has  arisen;  so  infitiitesiiaally  small  are  the 
quantities  within  the  reach  of  modern  analysis.  Mr.  Adams  a^^erts  ihut  his 
predecessoiH  have  improperly  oinitteil  the  considi  ration  of  the  effect  produced 
by  the  action  of  that  part  of  the  Sun*s  disturhiriL'  foK  «■  which  acts  in  the 
direction  of  a  tangent  to  the  Moon's  orbit,  and  \Wiieh  increases  the  velocity  ; 
his  opponents  deny  that  it  is  necessary  to  take  this  into  account  at  all.  Had 
not  M.  Delaunay,  an  able  French  analyst,  by  a  perfectly  independent  pro- 
cess, confirmed  the  results  of  Profes'^or  Adams,  \vc  should  have  had  the 
English  and  Continental  Astronomers  waging  war  on  an  algebraical  question. 
On  the  other  hand,  how  ever,  the  computations  of  the  ancient  Lunar  Eclipses 
support  the  views  of  the  Continent;  but  if  Mr.  Adams's  mathematics  are 
correct,  this  only  shows  tliat  there  must  be  otJier  causes  in  operation  as  yet 
undiscovered,  which  iidiu! urt  (ho  re>ult;  and  it  is  not  at  all  unlikely  that 
this  most  curious  and  interesting  controversy  will  eventually  lead  to  some 
important  di>eovery  in  Physical  Astronomy. 

You  are  aware  that  at  tho  suggestion  of  Sir  John  Ilerschel  an  instrument 
was  constructed  for  the  Kew  Oliservatory,  to  which  the  name  of  Photohelio- 
graph  has  been  given,  because  it  is  adapted  solely  to  the  purpose  of  obtaining 
photographic  representations  of  the  appearances  on  the  Sun's  disc,  ^^any 
difficulties  have  been  encountered  in  the  use  of  this  instrument,  but  by  the 
zealous  exertions  of  the  late  Mr.  Welsh,  Mr.  Beckley,  and  Mr.  De  la  Rue, 
they  have  been  overcome.  It  is  to  the  last-named  gentleman,  so  distinguished 
for  his  successful  prosecution  of  celestial  photography,  that  the  Royal  Society 
have  entrusted  a  grant  of  money  to  enable  him  to  transport  the  Photobelio- 
graph  to  Spain,  to  observe  the  total  eclipse  of  the  Sun,  which  is  now 
approaching,  and  great  interest  will  attach  to  records  of  the  phenomena  of 
the  eclipse  thus  obtained. 

In  Chemistry  I  am  informed  that  great  activity  has  been  displayed,  espe- 
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oially  in  the  ovgaoie  department  of  the  science.  For  seTeral  yean  past  pro- 

oe«es  of  tabititation  (or  displacement  of  one  element  or  organic  group  by 

another  element  or  group  more  or  less  analogous)  have  been  the  main  agents 

employed  in  investigation,  and  the  results  to  which  they  have  led  have  l>eett 

truly  wonderful ;  enabUog  the  chemist  to  group  together  separate  compounds 

of  comparatively  simple  constitution  into  others  much  more  complex,  and 

thus  to  imitate,  op  to  a  certain  point,  the  phenomena  which  take  place  within 

the  growing  plant  or  animaL  It  is  not  indeed  to  be  anticipated  that  the 

chemist  should  ever  be  able  to  produce  by  the  operations  of  the  laboratory 

the  arrangement  of  the  elements  in  the  forms  of  the  vegetable  cell  or  the 

animal  fibre;  bat  he  may  hope  to  succeed  in  preparing  some  of  the  complex 

results  of  secretion  or  of  chemical  changes  produced  within  the  living 

organism) — changes,  which  furnish  definite  crystallizable  coiupoundji,  such 
as  the  formiates  and  the  acetate^^  and  which  he  has  actually  obtained  by 

operations  independent  of  the  plant  or  the  animal. 

Hofmann,  in  pursuing  the  chemical  investigation  of  the  remarkable  com- 
pound which  he  has  termed  I^ieil^flphosphine,  has  obtained  some  very 
singular  compound  ammonias.  Trtethylphosphine  is  a  body  which  takes  fire 
spontaneously  when  its  vapour  is  mixed  with  oxygen,  at  a  temperature  a  littin 
above  that  of  the  body,  it  may  be  regfarded  as  ammonia  in  which  an  atom 
of  phosphorus  has  taken  the  place  of  nitrogen,  and  in  wliich  the  place  of  each 
of  the  three  atoms  of  hydrogen  in  ammonia  is  supplied  by  ethyl,  the  peculiar 
hydrocarbon  of  ordinary  alcohol.  From  this  singular  base  Hofmann  has 
succeeded  in  procuring  other  coupled  bases,  which  though  they  do  not  cor- 
respond to  any  ol  tiie  natural  alkalies  of  the  vegetable  kingdom,  such  as 
morphia,  qumia,  or  strychnia,  yet  throw  some  light  upon  the  mode  in  which 
complex  bodies  more  or  less  resembling  them  have  been  formed. 

The  power  which  nitrogen  posscbsoa  of  forming  a  connecting  link  between 
the  group-^  of  substances  of  comparatively  simple  constitution,  has  been 
remarkably  exemplitied  by  the  discovery  of  a  nevv  class  of  amide  fields  by 
Griess,  in  which  he  has  pointed  out  a  new  method,  which  rulmits  of  very 
general  application,  of  producing  complex  bodies  related  to  the  group  of 
acids,  in  some  measure  analogous  to  the  Foly-ammonias  of  Hofmann. 

Turning  to  the  practical  applications  of  Cheiiii?»try,  we  may  refer  to  the 
beautiful  dyes  now  extracted  from  aniline,  an  organic  base  formerly  obtained 
as  a  chemical  curiosity  from  the  products  of  the  distillation  of  coal-tar,  but 
now  manufactured  by  the  hundred* weight  in  consequence  of  the  extensive 
demand  for  the  beautiful  colours  known  as  Mauve,  Magenta,  and  Solferino, 
which  are  prepared  by  the  action  of  oxidizing  agents»  such  as  bichronmte  of 
potash,  corrosive  sublimate,  and  iodide  of  mercury  upon  aniline. 

Nor  has  the  Inorganic  department  of  Chemistry  been  deprived  of  its  due 
share  of  important  advances.  Schonbein  has  continued  his  inv^tigations 
upon  ofone,  and  has  added  many  new  facts  to  our  knowledge  of  this 
interesting  substance;  and  Andrews  and  Taiti  by  their  elaborate  investigations. 
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have  tbown  that  oiodc,  whether  admitted  to  be  an  allotropic  modificatioo  of 
oxygen  or  oot»  i»  certainly  much  more  dense  than  oxygen  in  ita  ordinary 

condition. 

In  Metallurgy  we  may  point  to  the  investigations  of  Deville  upon  the 
platinnm  group  of  metals,  which  are  especially  worthy  of  remark  on  account 
of  the  pnustical  manner  in  which  he  has  turned  to  account  the  reeources  of 
the  oxyhydrogen  blowpipe,  as  an  agent  whioh  must  toon  be  Teiy  generally 
adopted  for  the  finer  description  of  metallurgic  operations  at  high  tempera- 
tares.  By  using  lime  as  the  material  of  his  crucibles  and  as  the  support  for 
the  metaU  upon  which  he  ia  operating*  several  very  important  practical 
advantages  have  been  obtained.  The  material  is  sufficiently  Infusible  to 
resist  the  intense  heat  employed  ;  it  is  a  sufficiently  bad  conductor  of  heat 
to  economise  very  perfectly  the  high  tempefatiire  which  la  generated ;  and 
it  may  be  had  sufficiently  free  from  foreign  admixture  to  prevent  it  from 
contaminating  the  metals  upon  which  the  operator  is  employed. 

The  bearing  of  some  recent  geological  discoveries  on  the  great  question 
of  the  high  antiquity  of  Man  was  brought  before  your  notioe  at  your  last 
Meeting  at  Aberdeen  by  Sir  Charles  Lyell  in  his  opening  address  to  the 
Geological  Section.  Since  that  time  many  French  and  English  naturalists 
have  visited  the  valley  of  the  Somme  in  Picardy,  and  confirmed  the  opinion 
originally  publiahed  by  M.  Boucher  de  Perthes  in  184^7f  and  afterwards  con- 
firmed by  Mr.  PreBtwieh«  Sir  C.  Lyell,  and  other  geologists  from  personal 
examination  of  that  region.  It  appears  that  the  position  of  the  rude  fiint* 
implement:},  which  are  unequivocally  of  human  worlcmanship,  is  such,  at 
Abbeville  and  Amiens,  as  to  show  that  they  are  as  ancient  as  a  great  muss  of 
gravel  which  tills  the  lower  parts  of  the  valley  between  those  two  cities,  ex- 
tending above  ami  below  them.  This  gravel  is  an  aiicieiiL  iluviatile  alluviuin 
by  no  means  coulincd  to  the  lowest  depressions  (where  extensive  and  deep 
peat-mosses  now  exist),  but  is  sometimes  also  seen  covering  the  slopes  of  the 
boundary  lulls  of  chalk,  at  elevations  of  80  or  100  I'eei  above  the  level  oi  the 
Somme.  Changes  thui  cfore  in  the  physical  geography  of  the  country,  com- 
prising both  the  filling  up  with  sediment  and  drift  and  the  ])artlal  re-excava- 
tion of  the  valley.  h;ive  happened  since  old  river-bi  ils  were  at  some  tormcr 
period  the  receptcicles  of  the  worked  tlints.  Ttip  ?iumher  of  thc-^e  last,  already 
computed  at  above  I  tOO  in  an  area  of  fourteen  luiies  in  length  ;iiul  half  a 
mile  in  breadth,  ha^  aff^»rded  to  a  succession  of  visitors  abundant  oppurtuoities 
of  verifying  the  true  treological  position  of  the  implements. 

The  old  alluvium,  whether  at  higher  or  lower  levels,  con«5ists  not  only  of 
the  coarse  gravel  with  worked  flints  above  mentioned,  but  also  of  superim- 
posed beds  of  sand  and  loam,  in  which  are  many  freshwater  and  land  shelb), 
for  the  most  part  entire,  and  of  species  now  living  in  the  same  part  of  France. 
With  the  shells  are  found  bones  of  the  Mamm'>r1i  and  an  extinct  Rhinocerost 
a.  tickorhinuSi  an  extinct  species  of  deer,  and  fossil  remains  of  the  Horse,  Ox, 
and  other  animals.   These  are  met  with  in  the  overlying  i)eds»  and  sometimes 
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•lio  in  the  grML  where  the  impleiiMiite  occur.  At  Mencfaeooaii^  in  the  eub* 
nrbe  of  Abbeville,  a  nearly  entire  ikeleton  of  the  Siberiiu  Rbinooeroe  n  aaid 
to  have  i>een  taken  oat  about  forty  years  ago^  a  fact  affording  an  answer  to  the 
qneitioQ  often  raised,  as  to  whetlierthe  bones  of  the  extinct  mamniidia  eoold 
have  been  wished  out  of  an  older  alluTium  into  a  newer  one»  and  so  rcdepo- 
•tted  and  mingled  with  the  relies  of  human  workmanship.  Far-fetched  as  wii 
this  hypothesis,  I  am  informed  that  It  would  not,  if  granted,  have  seriously 
shaken  the  proof  of  the  high  antiquity  of  the  human  productions^  for  that 
proof  is  independent  of  organic  CTidence  or  fossil  remains,  and  is  based  on 
pb jsieel  data.  As  was  stated  to  us  last  year  by  Sir  C  Lyell,  we  should  still 
have  to  allow  time  for  great  denudation  of  the  ehalk,  and  the  removal  dnm 
place  to  pbuse^  and  the  spreading  out  over  the  length  and  breadth  of  a  hwga 
▼alley  of  heaps  of  chalk  fliats  in  beds  from  10  to  15  feet  in  thicknessi  coveted 
by  loams  and  sands  of  equal  thickness,  these  last  often  tranquilly  deposited, 
all  of  which  operations  would  require  the  supposition  of  a  great  lapse  of  timtt 

That  the  mammaliAn  fauna  preserved  under  such  circumstances  should  be 
found  to  diverge  from  the  type  now  established  in  the  same  region,  is  con- 
sistent with  experience;  but  the  fact  of  a  foreign  and  extinct  fanoa  was  not 
needed  to  indicate  the  great  age  of  the  gravel  containing  the  worked  flints. 

Aoolher  independent  proof  of  the  age  of  the  same  gravel  and  its  asso- 
ciated foasiliferoos  loam  is  derived  from  the  large  deposits  of  peat  above 
alluded  to  in  the  valley  of  the  Somme,  which  contain  not  only  mooaments 
of  the  Roman,  but  also  those  of  an  older  Stone  Period,  usually  called  Celtic. 
Bones  also  of  the  Bear,  of  the  species  still  inhabiting  the  Pyrenees,  and  of 
the  iieaver,  and  many  large  stumps  of  trees,  not  yet  well  examined  by  buta- 
nistA,  arc  round  in  the  >^arae  peat,  the  oldest  portion  of  which  belongs  to 
times  far  beyond  those  of  tradition;  yet  distinguished  geologists  arc  of  opi- 
nion that  tlie  growth  of  all  the  vegetable  siiatter,  and  even  llie  ut  ii;inal  scoup- 
iog  out  oftlie  hollows  containing  it,  are  events  long  posterior  in  dirn^i  to  the 
gravel  with  iliuL  uupkinents,  nay,  posterior  even  to  tlie  formation  of  llie  up« 
permofit  of  the  layers  of  loaiu  witii  freshwater  shclLi  overlying  the  gravel. 

The  e.vpl  lation  of  caverns,  both  in  the  British  Isles  and  other  parts  of 
Europe,  has  in  the  last  lew  years  been  prosecuted  with  renewed  ardour  and 
success,  although  the  theoretical  explanation  of  many  of  the  phenoiiiena 
brought  to  light  seems  as  yet  to  baffle  the  skill  of  the  ablest  geologists^ 
Dr.  Falconer  has  given  us  an  account  of  the  reinains  of  several  hundred 
Hippopotami  obtained  from  one  cavern  near  Palermo,  in  a  locality  whera 
there  is  now  no  riinnin<_»'  water.  The  same  paleontologist,  aided  by  Col. 
Wood  of  Glamorgaiishiie,  has  recently  extracted  from  a  single  cave  in  the 
Gower  peninsula  of  South  Wales,  a  vast  quantity  of  the  anth  of  a  reindeer 
(perhaps  of  two  species  of  reindeer),  both  allied  to  tin-  living  one.  The*e 
fossils  arc  most  of  them  shed  horns;  and  liierc  have  been  already  no  less 
than  lltX)  of  them  dug  out  of  the  mud  filling  one  cave. 

In  the  cave  of  Brixham  in  Devooabire»  and  in  another  near  Palermo  in 
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Bdlj,  fUni  implementi  were  observed  by  Dr.  Faleooer*  aaaoeiated  in  soeh  a 
inaikDer  with  the  bones  of  eztinet  memmalia,  as  to  leed  him  to  infer  that  Man 
■nut  have  eoexiited  with  several  lot t  species  of  quadrupeds;  and  M.de  Vibraje 
has  also  this  spring  called  attention  to  analogous  conelnstoos  at  which  he 
has  arrived,  hj  studying  the  position  of  a  homan  jaw  with  teeth,  accom* 
panied  by  the  remains  of  a  mammoth,  under  the  stahgmite  of  the  Grotto 
d'Areis  near  Troyes  in  France* 

In  the  recent  progress  of  Physiology,  I  am  informed  that  the  feature  per« 
haps  most  deserving  of  note  on  thb  occasion  is  the  more  extended  and  sue- 
cessful  application  of  Chemistry,  Physics,  and  the  other  collateral  sciences 
to  the  study  of  the  Animal  and  Vegetable  Economy.  In  proof  I  refer  to 
the  great  and  steady  advances  which  have,  within  the  last  few  yean,  been 
made  in  the  chemical  history  of  Nutrition,  the  statics  and  dynamics  of  the 
blood,  the  investigation  of  the  physical  phenomena  of  the  senses,  and  the 
electricity  of  nerves  and  muscles.  Even  the  velocity  of  the  nerve-force 
iuclf  has  been  submitted  to  measurement.  Moreover,  when  it  is  now  de- 
sired to  apply  the  resources  of  Geometry  or  Analysis  to  the  elucidation  of 
the  phenouieiia  ol  lilt,  or  to  obtain  a  mathematical  expression  of  a  physiolo- 
gical law,  the  first  care  of  the  invesligatur  is  to  acquire  precise  experimental 
daia  on  wliicli  to  proceed,  instead  of  setting  out  with  vague  assumptions  and 
ending  willi  a  parade  of  misdirected  skill,  sucii  as  brought  discredit  on  the 
school  of  tiic  mathematical  |)livsicians  of  the  Newtonian  period. 

But  I  cannot  take  leave  of  tiiia  depurtmcnl  of  knowledge  without  likew  ise 
alluding  to  the  progress  made  in  scrutiniziitg  the  animal  and  vegetable 
structure  by  means  of  the  microscope — more  particularly  the  intimate  or- 
ganization of  the  biLuii,  sjuiKil  cord,  and  organs  of  the  senses  ;  nl-^o  to  the 
extension,  througii  means  utll-dirccted  experiment,  of  our  kuowh-dge  of 
the  fuiicLiuns  of  the  nervous  sjstem,  the  course  followed  by  sensorial  iut- 
pre^ions  and  iiiutuiial  excitement  in  the  spinal  cord,  and  the  intlueuce 
exerted  by  or  tlirougli  the  nervous  centres  on  the  niovemcnts"  of  the  heart, 
blood-vessels  and  viscera,  and  on  the  activity  of  tlie  secreting  or<;ans  ;— 
tfubjecti*  of  inquiry,  which,  it  may  be  observed,  are  cloely  related  to  the 
question  of  the  organic  mechanism  whereby  our  corporeal  frame  is  intlu- 
eoced  by  various  mental  eonilitions. 

And  now,  in  conclusion,  1  n>ay  perhaps  be  permitted  to  express  the  hope 
that  the  examples  I  have  given  of  some  of  the  researches  and  discovcrits 
\>hich  occupy  the  attention  of  the  cultivators  of  science,  may  ha%'e  tended  to 
illustrate  the  sublime  nature,  engrossing  interest  and  paramount  utility  of 
such  pur^uiLs,  from  which  their  beuehcial  influence  in  promoting  the  ititcl- 
lectual  progre.-^s  and  tho  happiness  and  well-being  of  amnkind  may  well  be 
inferred.  But  b  t  us  u.-sume  that  to  any  of  the  classical  writers  of  antiquity, 
sacred  or  profane,  a  sudden  revelation  had  been  made  of  all  the  w  onders 
involved  in  Creation  aecessiltlc  to  man;  that  to  them  had  been  di^flo«ied  not 
only  what  we  now  kuow,  but  what  wc  are  to  know  hereafter,  in  some  future 
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•g«  of  impioved  knowledge ;  would  they  not  Iiave  delighted  to  celebrate  the 
manrels  of  the  Creator^i  power?  They  would  have  described  the  secret 
foroes  by  which  the  wanderiog  orbs  of  light  arc  retained  in  their  destined 
paths ;  the  boundless  extent  of  the  celestial  spaces  in  which  worlds  on 
worids  are  heaped ;  the  wonderful  mechanism  by  which  light  and  heat  are 
conveyed  through  distances  which  to  mortal  minds  seem  quite  unfathoro* 
able  i  the  mysterious  agency  of  electricity,  destined  at  one  time  to  awaken 
men's  minds  to  an  awful  sense  of  a  present  FroTidence,  but  in  after-times 
to  beeome  a  patient  minister  of  man*s  will,  and  convey  his  thoughts  with 
the  speed  of  light  across  the  inhabited  globe ;  the  beauties  and  prodigies 
of  eoiitrivanoe  which  the  animal  and  vegetable  world  display,  from  man- 
kind downwards  to  the  lowest  zoophyte,  from  the  stately  oak  of  the  pri- 
moral  forest  to  the  humblest  plant  which  the  microscope  unfolds  to  view ; 
the  history  of  every  stone  on  the  mountain  brow,  of  every  gay-coloured 
insect  which  flutters  in  the  sun>beam ; — all  would  have  been  described,  and 
all  which  the  discoveries  of  our  more  fortunate  posterity  will  in  due  tune 
discloso,  and  in  htnp^uage  such  as  none  but  they  could  command.  It  is  re- 
seivod  fur  future  ages  to  sin*;  such  a  glorious  hyuiii  to  the  Creator'ii  praise. 
But  is  there  not  enough  now  seen  and  heard  to  make  indifference  to  the 
V'onders  around  us  a  deep  reproach,  nay,  ahnost  a  crime  ?  If  we  have  neither 
leisure  nor  inclination  to  track  the  course  of  the  planet  and  comet  through 
boundless  space;  to  follow  the  waiiderir!n;s  of  the  subtle  fluid  in  the  f^alvanic 
coil  or  the  nicely  poised  magnet;  to  read  the  world's  history  written  on  her 
aocient  rock;*,  the  sepulchres  of  stony  relics  of  ages  long  gone  past,  to  analyse 
with  curious  eye  the  wonderful  combinations  of  the  primitive  elements  and 
the  secret  mysteries  of  form  and  being  in  animal  and  plant;  discovering 
everywhere  conncctinp'  links  and  startling  analogies  and  proofs  of  adaptation 
of  means  to  (  inis; — ^all  teiidiii^j  to  charm  liie  senses,  to  teach,  to  reclaim  a 
being,  who  seems  but  a  cret  jiinj^  worm  in  the  presence  of  this  great  Creation 
— What,  I  repeat,  if  we  will  jtnt  or  cannot  do  these  things,  or  any  of  these 
things,  is  that  any  reason  why  these  speaking  nuirvels  should  l)c  to  us  nitnost 
as  though  they  were  not  ?  Marvels  indeed  they  are,  but  they  are  also  myste- 
ries, tlu  unravelling  of  some  of  which  tasks  to  the  utmo^^t  the  highest  order 
of  liiimaii  intelligence.  Let  us  ever  apply  our:*elves  seriously  to  the  ta^k, 
ferliiif^^  assured  tliat  tlio  more  we  thus  exercise,  and  by  exercising  improve 
our  intellectual  faculties,  the  more  worthy  shall  we  be,  the  better  shall  we 
be  fitted  to  come  nearer  to  our  God. 
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/ieyior/  on  Ob9matUm»  ^  Lminmm  Meteors,  1859-60.  a  Com^ 
mUtee,  comieting  of  Jambs  Glaishxii,  E§q.,  FJL8^  F,Rji^^ 
Seereiarif  to  the  British  Meteoroloffieal  Socie^,  ife,f  J.  H.  Glad* 
STONE,  Esq,,  PhJ>^  F,R.S,  ^T. ;  R.  P,  Greo,  Se^f  F»GJSm  ifC^  t 
oiur  £•  J.  Lows,  Beq^,  FMui*S.,  M,BJd.S.  ige. 

In  prewDting  a  coDtinuation  of  the  Reports  on  the  ObMmtion  of  Lumiaoot 
Meteoit,  U  will  be  seeo  that  the  work  it  now  placed  In  the  handi  of  a  Com* 
mitlee^  and  it  is  with  sincere  r«gret  that  in  presenting  their  first  report, 

they  have  to  announce  the  loss  of  Proressor  Powell,  who  died  on  the  1  Jth 
of  June,  1860.  The  preceding  twelve  reports  were  carried  on  solely  by 
Professor  Powell,  but  from  the  further  [)iosecutiofi  ot  tliis  labour  he  felt 
compeikd  to  retire  some  little  lime  since  on  account  of  failine  health,  having 
made  armoflements  for  the  eontionation  of  the  reports.  Within  the  past 
year  there  does  not  seem  to  have  been  any  unusual  exhibition  of  meteor% 
either  in  Augtut  or  in  November;  and  there  is  little  to  be  added  to  the  ob- 
servations themselves ;  in  one  instance  onlv  was  the  same  meteor  seen  by  two 
different  persons,  viz.  that  observed  at  Wrottesley  Observatory  and  at  Baldoyle 
(county  Dublin),  on  March  10,  1860:  this  meteor  was  remarliable  for  its 
form  and  for  its  variation  in  eolonr*  at  noticed  bj  both  observers.  It  b  mneh 
to  be  regretted  that  the  observations  of  this  meteor  yet  collected  are  iosof* 
ficient  to  trace  its  path,  velocity,  &c. ;  it  is  scarcely  possible  that  so  re« 
nmrkable  a  meteor,  visible  from  points  so  distant,  can  have  pa««9ed  iinnotleed, 
and  it  U  very  desirable  that  if  any  ohsei  vntions  may  have  been  taken  of  it, 
that  they  should  be  forwarded  to  tlie  Committee,  fur  the  purpose  of  being 
submitted  to  calculation. 

M.  Jnlios  Schmidt,  now  of  the  Royal  Athens  Observatory,  in  a  eommnnt* 
cation  to  M.  W.  Iluidinger  of  Vienna,  read  by  the  latter  at  Vienna  the  6th 
of  October,  1859,  before  the  Iniperinl  Academy,  has  made  some  valuable 
observrition'?  tipoTT  some  plienoniena  rekui\  c  to  the  luiniiious  tails  ol'  meteors, 
of  which  a  resume  is  given  in  the  Appendix.  An  interesting  {taper  has 
appeared  in  the  Philosophical  Magazine,  April  I860,  **On  Luminosity  of 
Meteors  from  Solar  ReBexion,**  by  R*  P.  Greg,  Esq. ;  a  brief  analysis  is  given 
In  the  Appendix.  In  the  Journal  of  the  Franklin  Institute  there  is  a  very 
interesting  account  of  a  lai^e  meteor  seen  over  a  large  extent  of  eonntry  by 
daylight,  on  Novemtier  16, 1859;  an  abstract  of  this  paper  also  appears  in  the 
Appendix. 
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Mitguitudu.       1  tiUil  Colour,  i 

Train  or  Sp«rln. 

Vrlocitv 
or  DuratioiL. 

i8:>5).    ii  111 

Hm*    7i  7   0  p.m.  I  Larger  than  Jupiter,  Kaddisli 

star-like. 


Deo.  14]  9      p.m.  |=2nd  mag.  «  jOraojge   |6park« 

I 

I 

8  lU  p.m.  SI  ^  in  aiae.  


Jan.  2 


Jan.  24  9  28  p.in.  IiMToaaed  rapidly  un- 

lil  four  liiiuH  tin* 
ii])])art}iit    ftijMi  ol 


Blue  iTrain  of  separate  aparks. . . 


fl  uj[iiter. 


Jau.  24  From  U  to 
lOp.111. 
7  4ltip.iii. 


Feb.  24 

Mar.  i; 

Mar.  10 


Uk.  21 
Mar.  21 


sYenua  

10  4|J  p.m.  .  —  four  times  size  of  }^ 


8  40  p.m.  I—  Veuus 


Uar.  14  8  45  p.m. 


7  l**^  p.in. 
7  40  p.iii. 


tiluea  aiae  of  Ju- 
piter. 


Bnght 


With  tail. 
Long  tail. 


Bright  as  Te* 
nuB.  Colour 
of  Yeniu. 


taon! 


Rapid.  Don^ii 
2 


Slow.  DunAmm^ 


Slow. 


Modtrato  fl[)Ped,  trail  of 
t>j)i\rkt<  U-rt  ill  it.^  trat  k 
fur  .'J  socoiuL-*  aflor  iht* 
meteor  had  vauidlicd.  I 


bright.  Bunt  into  firagmenta  Modertto  apead 


=  Venus. 
=  Tenua. 


yen  bnght, 
almost  likr' 
lightning  iu 
appearance. 
Kcd  in  co- 
lour. 

Rriijhtcr  than 
Venus. 


.....  Bri^htor  than 

Veriu««. 

April    1  S  10  p.m.  I =:!nd  mag.  »   Yellow  ..Slight  tail 


April  17|Bctwyt;u  10. 

&  1 1  p.01.j 


1857. 
As^  16 

Aqg.  8 


Aug.  b 


Aug  8 


ObiK^rvatiooa  of  Lumiuous  .^ieteors 


11  45  p.ra.  [Kfiualtotho.M/x'orJu-  Bluish  white..  Tt  was  aooompatiied  by  a  Slo^v.  but  it$>  dnm 


6  45  p.m. 


9  15  p.m. 


pitOT,  but  v(t>ry  supe- 
rior to  that  planetl 

ill  bri;;htnfr5. 
Vt^rv     bn;,'ht,  luidBlue 
about  the  nze  of 
Jupiter. 


SmaU  but  bright 


0  .'t8  p.m.  SniaUt  about  aiae  of  Moderately 
Satom.  bright 


Blue. 


train. 

it  li'fi  a  faint  vellow  train 
of  li^'hl  in  \16  patl). 


Left  a  tmin  visible  forYeiyelow  ,...,.«,. 
eoreral  seoonds. 


No  train 


Uou  was  abyrk  mi 
it  did  nol  ti«M 

Moderate.  1 4  .••  t»»«  M 


Ra^id  in  its  mo- 
tion ;  risiblo  fo; 
about  0-5  seoond 
oiilr.  1 
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or 


Qenenl  renwrlu. 


Wmm  45*  «boT«  ihe  S.  horiaon, 
moved  down  aft  m  wiflfl 

of  i*y. 

riQxti  tlie  Dragou'd  Head,  fcLLJ>uow  sliowcra.... 
dcm-ii  at  an  (uigto  of  40^ 
vanU  ^\.  1 

FvU  (io^^^l  from  12^  above  tltejOttle  

horuoii  in  S.  lyjr  £.  | 

Fpcin  tho  (iiri'ffion  of  P<jlrtri(i,   

I    iMiWjug  iiudway  bdiWtx-ii  i 
mod  y  Leonia,  croaatng  ^ 
Looni:^,   niul   fj^ding  awayi 
near      Leoni*.  1 
..r..  •••••  Six  iiMt6on  Mon. 


Obterratory, 
Beeston. 


Ibid. 

ri)id. 

Ibid. 


Obanm* 


B«»  Porter 


Mr.Icwv'iMS. 


£.  J.  I«we    ...  Ibid. 


Ibid. 


ul  of  Uiaj 


Id.   fbid. 


Id. 


Ibid. 


Crossed  do>vi^  the  (mI 

GrtNit  Hear. 
Ill  :n.W..  fulUng  tov  W.; 
lulf'vraj  to  aoiitii  wiMm  first 

«ccn . 

From  00  altitadc  W.  bv  N., 
falling  down  toward*  W.  at 
mi  m^Ui  of  70°. 


^cD  doirn  in  Leo 


i  luilo  W.  of 

Beeeton. 
1  milo  N.B.  of 
I  Boeaton. 

Obserratory, 
Beeaton. 


Id.   

Mist  C.  Drdge... 
aCr«.B.FeUdii... 

Mr.    R.  Torter 
(aaaifltantoba.) 


lu  S..  fell  down  a  long  difrtrncc  . 
I   towanltf  W.,  ftud  piuaing 
I  thtoqiAi  Orion. 

ff«a   


Jhtm  ^  Aurigie  to  Twitis.  otct 
wliich  plaripta  itcrosr  <1  ini 
tben  immediately  vaimlied. 


VfliTtlir  fnipTiont-  llighfieldHouaa  Cnpt 
were  throwin  out,! 
th0  meteor  atiUi 

movi'd  uii  of  thej 
!«an)e  size  audj 
bri^htoew  for  a 
■hwi  diatanoe.  I 

Ohservntorv, 


SimilftT  to  the  last. 

Increaaed  in  rm  «I 
laal. 


Eternal  mBtoonnio- 
Ting  Toyrapidly. 


Ibid. 
Ibid. 

Ibid. 


ipt.  A. 
Lowe. 


8.  H. 


Ibid. 
Ibid. 
Ibid. 

Ibid. 
Ibid. 


MiwLucjWhitoIbid. 


Mr.  H.  PortorlWd. 
Id  Ibid. 


K.  J.  Lowo 


Ibid. 


froui  varioui^  Observers. 

tit  rtartod  10^  from  the  zonitli,'. 
litt|o  vest  of  \hsi  Miikj 


F<.'1I  dmm  2f.  £r<wa  about  45\It  wa.-*  very  light  at 


fromftoborinm;  diaappear- 


?Urted  fi^jn"  i  p  mt  l(f  below 
^g^^g^li^  tAl^iQ^  a  wwlor^ 

Fell  pcrpondiculbrly  from  25^" 

ioutb  of  tLd..  »uu'. 


Ghreenwich 


Blackiicath 


Henry  C.  Ori»- 


MS.  comnuxnica' 
tiou. 


the  timo.  and  th(' 
ptars  in  the  patli 
of  the  uuyteor 
oooldnotbeieen. 


Ibid. 
Ibid. 


Id. 


ibid- 


lid. 
Id. 


Ibid. 
Ibid. 


a 


REPORT — 1860. 


Bate. 


Hour. 


1858.     li  m 


Aug;  8 


Appearance  and 
Magnitude. 


BrightneM 
and  Colour. 


Tnin  or  SpMls. 


or  DuraUon. 


9  44  p.]n.  Equal  in  sue  to  a  4th  Very  bright.  .  .  It  left  a  tliin  tmin  viaiUeSlow 


Aug.    8  9  62  p.iD. 


Aug.  b 

1859. 
Aug.  26 


UJHg.  * 


Ralfaor  larger  tium  Remarkably 


9  66  p.m. 


8  24p.in. 
Aug.  SO  10  Hpjn. 


for  about  1  bcc. 


Saturn. 


Ivight. 


No  tnun 


Verjra^ 


jSia0<tf  a3rd  mag. «...  Very    bright.  A  rery  bright  train,  visible  Slow. 

Blue.         :    for  3  sees,  after  Uiej 
I  I  ^tjnotum  of  the  nu- 

Six  times  the  size  of  Much  brighter 
•  Ijne.  I  tlMU[i»Ijjme. 


Aqg.  31 

22 


7  63p.i 


As  bright  as  Capelk 


llaiqr  ihooting  Stan 


Brighter  Umn 
aoj^atartiuD 
visible. 


Between 

sunset  and 
I  1 1  p.m. 
Sept.  24  Evoning  ,. 
Sept  28 10  :20  p.m.  Larger  Uiau  Jupiter  Blue  None 


Mhiiv  ^bo<'>fiI1K  stars 


Oct.  22  7  38  p.m. 


Oot  23  8  Id  pJD. 


Oek  20 


9  9  pjn. 
7  66  P40. 


As  large  as  Capclla. 


Nov.    7  9  33  p,ro. 


Not.  9 


Vei^r  bright. 


5  30  a.m.  Aboiit2^kmg. 


Hov.  aoj  9  40  jjUD. 


Aa  bright  as 
OapeUa. 


Visible  fur  about  %S, 
orifOOB. 


Colour  of  red-  No  sparkt  were  aoeii 

hot  iron ;  its' 
illuminating 
power  verr 

1  gnat. 

'Faint yellow.. Thov  itA  n  imni.  Mmihu* 


Visible  foe 
sees. 


Vfliy  nipid 


Ita  grealeit  bril 
liant^  lasted  for 
SOsooonds,  bat  it 
remained  virible 
for  10 


I 


Google 
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I 

Dircdion  or  Altitude.        Qcneriil  remarks. 

I 

ObwrviT. 

1 

I 

} 

from  a  little  K.  of  tlu>  CJn>;it  

Blackhealb  

Hrnrv  C,  Ctm- 
wick. 

MS.  ^-nmmiMitfia* 

lion. 

luwdi  tfattR.W^  di-'ii  pi  >cur>  j 
ing  about  2(f  aboTe  the  nori'j 

zou. 

^ram  35*^  above  tho  due 
liorizon  ;  it  wODt  bf  W. 

Iktbtatiaoiu 


S.  Just  before  disap-Ibid. 
to 


penringlx'lowtlif 
}i<n*izt)ii  1  <li-' 
btincli^  -aw  it^ 
aeparate,  ^'ivt))<^' 

at  tl)f  >iUiu'  time' 
a  ri|X)rl  like  lltut 
of  a  distant  rifleJ 

*i»in  40^  above  [he  1\.S.K.  lio-  Ibid. 

rmm  to  S.K,  ditHippeftriugj  ' 
25"  aboTO  flie  horuon. 


Id. 


Ibid. 


tidl  [KTjx'adicuWl^  from  nean 
m  Opiiiuchi  to  within  10"  ofl 


Id. 


Ibid. 


tKo  horizon. 

^1  from   llf  above  u  Frs;i  Ihi.-  nittoor  pa  ltd  Ibid, 
sfajoris,  bptrnx-u  v  and  J,  lo,    twite,    and  ut 
vitbiii  u  di'^ruo  or  two  of 
12  Ckvtuni  Vfoiataoonun. 


Wroitesley  Ub-^W.  P.  Wakeiin.  Ibid, 
serrntory. 


Trorn  near  »  Cn^'^ioprht  dirt- 
gMialljr  tomurdtf  a  pvint  nortL 

out  PkiadM,  moTiDg  W.  to 


tained  its  luaxi 
mum  bnubtncss 
just    biiiure  it» 
disappearanoe. 


Ibid.. 


BallAter 


Id. 


Id. 


J*  H.  Qlodstone. 


Ibid. 


Ibid. 


Ibid. 


   Kl-iii   

Sorlhem  heinispliire  :   it  ft'H  ,  {Fort  W  ilbani 

from  W.  t-o  E.  throuji'U  lio  .i  I  t>cotltmd, 

dos?fiiding  frcHn  an  altitttdfl|  | 

of  'S.y  to  nlxjut  'jy. 

k iifw degrees ^>.W.  of  y  F^iuii. lit ottaiuadit«ma\i-  WrottoU  v  Ob-  F.  Morton. 

mum  briJ]iiinr\  HTvaior^ 
iiutnixlintcly  be- 
fore it  diaappesr- 
ed. 


Td   Ibid. 

Mr^  .1  H.  Glad- Ibid. 
Ktoue. 


rtdomided  rerticallv  from  \hv 
constellntion  IVflco  to  wiiiiin 
Hr  or  15'  of  tbe  horizon. 
m  N.£.  from  abonl  35^  or  25l 

altitude, 
^fomaudwav  bctwtv  n  the  eon- 
{jwmtmd  FIpTcaleft. 

'of  4.'>°  lo  S. 
ii  Pcgiun,  at  aa  angle 
0e4&>,  to  wilhin  lO^of  %e 
S.W.  borizon. 
Utout  the  pume  altitiidf  as  tho  Xh 
i^lciadce,  aud  bomc  b°  to  thi' 


at  an  anglr 


Ibid.. 

Ibid. 

Ibid. 

ilbid. 


Id. 


W.  P.  Wakeiin. 


ibid. 


Ibid. 


Ibid. 


F.  Mortou   I  Ibid. 


Id. 


Ibid. 


it  ]»ab  d  it  got  Ibid. 

f^radiiallv  fhorter 


and  wider ;  it  at 
la^l  took)  (I  like  a 
faint  t  louJ. 

They  weiv  three  in  Manebeeier  

number. 


Tbc    iiml«T-;:ar- MS. 
(K-ner  at  l^trd 
AVrOttt^'.-'lr\'r<, 

tbc  times  by 
l'\  Murluu. 
0.  V.  Vernon. 
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RRPORT — i860. 


Date. 


Hoar. 


1859.    h  m 
Dec.    3  7  10  p-m. 


Dec.  13il0  35  p.m. 

180O.  ! 
Feb.   11  U  20  p.xa. 


Appearance  and 
Ma^tude. 


Iti  brightnew  wa» 
equal  to  that  of  a 
«  of  the  lat  mag. 


Brightness 
and  Colour. 


Irnn  or  Sparks. 


Feb.   IG.  U  30 


p.m. 


Mar.  3 


Mar.  10 


Mar.  10 


9  20  p.m, 


2nd  mag. 


Same    colour  J^o  appaix^ul  train 


Whif» 


None 


9  20  pan.  The  appearan 

the  imprawiou 
SfeetinlengUi.  Ita 

form  was  strict  I  t 
defined,  the  front 
ptn^ion  being  in' 
B^wipc  like  the  licud 
of  a  lily,  with  a 
petalHihaped  out- 
line. From  thia  it 
diminished  prarc- 
fully  to  tlie  tail, 
not  in  Btrai^lit- 
«i (It'll  lines,  but  in 
curves.  The  tail 
WM  the  amall- 
cst,  and  apparently 
the  moat  concrete 
portion  of  the 
whole. 

.  bar  of  light 


Scarlet,  pea- 
green. 


Very  brilliaat. 


Very  bright 
and  of  a  rod- 
diihoolour. 


The  outer  portion  of  tl»  About  5  or  0  aeca. 
ili^m  was  oompofled  of 
bright  soarLet  eciiitilla* 
tiona. 


9  32  p4a. 


of  brightest 
moonlight. 
Cnloiir  di- 
Dtinct  and 
varied,  the 
liead  pearly 
white,  tl»o 
tail  bri^lit 
ruby,  with 
reddifli- 
browa  oxtre- 
niitv.andtfae 
middle  por-j 
tions  mark- 
ed by  bands 
of  various 
shades  of 
tolour. 


as  No  tram  of  qparke 


Velmntr  or 
Duration. 


Very  rapid 


m 


length  equal  to 
moon's  diameter, 
its  breadth  ^tb  of 
its  length. 


At    first    its' It  left  behind  a  train  of  The  whole 


colour  was 
pure  white, 
and  n«  bright 
as  i>irius. 
In  ita  full 
the  colour 
changed  to 
green,  and 
af^rwardsto 
a  deep  glow> 


pale  yellow  light. 


Lasted 
•low. 


2  sees. 
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or  Altitode. 


Manchester, 


lit  Ml  from  near  the  ^nith, 
pa.«.sing  throughCtion'sBelt, 
I  and  di^np])eared  when  on  a 
I   level  with  RigeL 
Poiiming    nearly  horiioiltallyl. 

tlirouch  Ursa  Major.  ^ 
[At  an  r-lcriition  of  about  000 After dropj)iiig per.' Sidmouth 
fcot  iu  dirtTtion  was  S.S.E. 


London 


It  iell  from  an  eleratioQ  of  60° 
'  and  N.N.  &,  and  disappeared 
in  the  N.£.  at  an  eWTation 

of  about  10^ 
About  oO"  in  a  N.E.  direction.  After  falling  about 


pendicttlarlj  for 
a  lAuat  diatanoe 
it  separated 
itself  into  about 
ei^teon  glohu- 
lar  masses  of  dif- 
ferent colours, 
some  about  8  Of 
10  incluM  in  dia- 
meter, and  the 
othen  from  1  to 
dtncbes. 


Q.  Y.  Yemon. 


Mr.  W.  Grabb. 


Oabome 


The  direction  wn^  thai  of  n 
line  drawn  from  Orion's  2klt, 
through  the  Pleiades,  and 
onward  to  the  W.  of  Cassio- 
peia, disappearing  in  the 
KJbi).  portion  of  the  hemi 
sphn9' 


Coleraino. 


It  was  ffrn  at  an  altitude  of  45°, 
and  darted  iierpendicularlj 
between  UieFleudM  Mid  Al- 
gol tothe  iMHiaoo. 


SO",  it  bunt  into 

a  number  of 
sparks,  like  a 
rocket 

\bniit  MO  sf^c^  nftcr|Buldoyli'(t'ouiitv 
thedisappearanooj  Dublin), 
of  ths  meteor 
there  wa«  a  low 
rumbling  thun- 
der in  tne  N.£., 
which  continued 
fiiUj2 


J.  B.  Mann. 


The  staff  for  15°  Wrottfslcy  Ob- 
on  each  bide  of,  servator^. 
its    path  were 
paled  as  hy  the 
presence  the 
niU  moon. 


J.  P  CulTwinal], 
Esq. 


J.H. 


MS.  coauiinnica- 

tion. 


Digitized  by  Google 


12 


KBPOBT — 1860. 


Date. 


1800. 
Mar.  10 


Hour. 


Ap]H  aranoe  and 
Magnitude.; 


and  Colour. 


h  m  , 
9  50  p.ni.  It  appcmred  about; Very  bright,  at 
f  rd*  of  the  size  of  lirut  purple- 
the  moon.  rod  and 

then  green, 


Mar.  Id 


April  14 


2  0  a.m. 


9  4 


p.m. 


7  03  pjn. 


Very  bright . 


XMn  or  Sparta. 


Velocity  or 
Duration. 


Ecjual  to  Al- 
(lot)uraQ  in 
brightneai. 


Visibio  for  a  aeooad 
or  two. 


2  or  ^  aces. 


At  first  bril 
liant  white, 
and  after- 

wartls  pur 
pie-red. 


It  )ef^  a  rrry  luminona  tail 


holiiud  it. 


It  wnp  riftible 
a  second. 


APPENDIX. 

No.  h — ^Id  the  Journal  of  the  Franklin  Iiistitate>  Philadelphia,  Febniaiy 
1860,  is  a  collection  of  observations  of  a  very  remarkabln  meteor  ieen  by 
daylight,  on  November  15,  1859,  ))y  Beiijarnin  P.  Marsh,  I>ir|. 

This  nn'teor  made  its  appearance  at  about  half-past  9  o'clock  a.m.  (New 
York  time),  the  weather  being  perfectly  clear,  and  the  sun  shining  brightly.] 

It  was  seen  at  Saleni«  Boston,  and  New  Bedford,  Massachusetts;  Ph>vi» 
dence,  Rhode  Island;  New  Haven,  and  many  other  places  In  Connecttcut; 
New  York  City ;  Paterson,  Medford,  and  Tuckerton,  New  Jersey ;  Dover, 
and  other  places  in  Delaware;  Washington  City;  Alexandria,  tredericks* 
burg,  and  Petersburg,  Virginia. 

It  was  ^fareif  at  Medford,  New  Jersey,  and  at  ail  places  in  that  Slate,  south 
of  a  line  joining  TuekertOD  and  Bridgeton,  and  throughout  nearly  the  whole 
of  Delaware. 

With  perhaps  two  or  three  exceptions,  it  was  not  seen  by  any  one  in  New 
Jersey,  south  of  tlio  Camih  n  and  Atlantic  Ilailroad;  that  is  to  say, /AuMS^A- 
Olii  the  vert/  regwn  where  ihc  nport  was  loudest. 

Many  persons  there  saw  a  momentary  flash  of  light  "like  the  reflexion  of 
the  sun  from  a  looking-glass,*'  but  could  not  tell  where  it  came  irom.  Tlie 
appearance  of  the  meteor  as  seen  at  many  places  is  described,  and  the  results 
from  their  discussion  are  as  follow^ : — 

1 .  The  inclination  of  the  meteor's  point  to  the  vertical  was  probably  about 
35°,  and  the  direction  of  its  motion  nearly  west.  The  observations  at  Med- 
ford and  Peter>l)uri:  imlicafe  a  much  more  southerly  movement,  but  those  ot^ 
Washington,  Alexandria,  aud  Dover,  require  it  to  have  been  almost  due  vv  est. 

Z  The  oolumn  of  smoke  was  near  1000  feet  in  diameter,  and  its  base  was 
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BireoiMn  or  A]litiid& 


lit  fell  at  an  iwolimtkm  of  N.W. 
I  toW, 


I  In  the  N.  4i>» 


It  trnvellod  about  Bnidlbrd 
l.")**  and  tlienj 
burst ;  it  appear- 
ed :ir  fir.-*t  as! 
thou^ii  the  moon 
had  fallen  lo  the 
earth. 

It  appoarod  sta-  Torquay 
ttonaiT,  but  in- 
creased inhrif;ht- 
ness  for  2  or  0 
seconds,  when  it 
■uddenly  diMp- 
pearwl. 

It  darted  from  a  point  lialf-  Ita  pa(h  was  con-  VV'rottesIej'  Ob-|J.  IL 

way  between  the  Pleiades    oave  to  the  hori-  aeiiatoiy. 

and  Z  Pt^r?i«  to  a  point  alx>ut 

one-Uiird  of   tt^  distance 

from  Aldebtnn  to  i  Aitrigee 
It  fell  fipom  the  ifloith  to  the 

3i.W. 


M.  T). 
W.  VV.  M. 

E.  M.  a 

J.  C. 

c.  w. 


K.  Vivian. 


a.  T.  yemon. 


MS.  communica- 
tion. 


vertical  about  four  milea  north  of  Denuisville,  at  a  height  of  near  el|ht  mile^i, 
which  may  be  a.<i^iinied  to  be  the  approximate  position  of  one  point  in  the 

mrtf'or's  path.  The  heiglit  is  inferred  not  merely  from  the  angnhir  elevations 
of  the  smoke  as  seen  from  ditferent  points,  but  from  the  interval  het^ver ri  (lie 
flash  and  the  report,  as  obsorved  at  Reasley's  roint.  This  posiiion  apsigned 
to  the  ba8e  of  the  cloud,  from  local  reports,  coincides  pretty  nearly  with  that 
indicated  by  distant  oinrcrvationa. 

At  New  Haven,  latitude  40""  18'  18",  longitude  72^  55'  10",  at  an  eleva- 
tion  of  6°,  the  bearing  was  S.  33°  :M'  W. ;  and  at  Alexandria,  latitude  88°  49', 
longitude  77^  4',  at  an  elevation  of  10}°,  it  was  N.  "76-1^  K.  The^e  directions 
meet  half  a  mile  west  of  Dennisvillo  in  latitude  39"^  11^',  longituilt  74°  50|'; 
the  line  front  New  Haven  having  a  vertical  height  at  this  point  of 
miiet,  and  that  from  Alexao<lria  24^-  niiie*.  Continuing  the  path,  as  ob- 
served at  Alexandria,  down  to  9^^  elevation,  we  have  corresponding  azimuth 
76^°,  and  the  lines  then  meet  half  a  mile  north-webt  of  Dennisville  at  a 
height  of  2*2^  miles;  but  this  makes  the  nearest  point  in  tlie  nu tenr s  path 
twenty-four  miles  from  Hea.Hley's  Point,  and  eonseriiu  ntly  the  interval  there 
between  the  flash  and  the  report  tvvo  minutes  instead  of  one,  us  observed. 
Bcasidesy  the  observations  on  the  smoke  show  pretty  clearly  that  the  minimum 
height  at  Dennisville  conid  not  have  exceeded  ten  miles.  We  must  there* 
fore  conclude  the  meteor actual  position  to  have  been  several  miles  east  of 
that  indicated  by  these  distant  observations. 

3.  On  Jlic  above  supposition,  the  meteor's  path  would  reaeh  the  earth  near 
Hugliesville,  on  the  north-western  bouinlary  of  Cape  May  County,  in  which 
vicinity,  or  perhaps  still  further  west,  it  is  probable  that  the  meteor  or  some 
of  its  fragments  will  yet  be  found, 

4i»  Some  observers  must  have  seen  the  meteor  at  a  height  of  more  than 
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100  miles;  and,  to  have  completed  ito  path  within  their  estimatet  of  time,  It 
must  have  had  a  veloeity  of  from  thirty  to  fifty  miles  per  second. 

The  extreme  shortness  of  the  time  occupied  in  its  flight,  is  proved  not 
merely  hy  the  estimates  of  Kevcral  observers,  hnf  by  the  fallnre  of  peo]>1p  in 
the  vicinity  of  the  explosion  to  (li>tiri  t^uisli  the  source  of  ilie  s\nJderi  tiaali  of 
tight  seen  by  them,  and  by  the  iiiiprcdsiou  of  even  the  most  distant  observers 
that  it  fell  very  near  them* 

5.  The  tound  was  explosive,  and  not  caused  by  the  falling  in  of  the  air 
after  the  meteor.  In  the  latter  caise  it  must  have  been  continuous  and  un- 
interrupted, but  tho  tr  stiifiony  of  Dr.  Beasley  and  others  shows  that  it  ceased 
entirely  and  tltcn  be^^iii  a^ain. 

Supposing  the  meteor  to  have  been  a  ston^  mass,  we  may,  perhaps,  con- 
sider the  explosion  to  have*  consisted  of  a  series  of  decrepitations  caused  by 
the  sudden  expansion  of  the  surface^  the  whole  time  of  flight  not  being  suffi- 
cient to  allow  the  heat  to  penetrate  the  mass.  At  the  forward  end  these  ex* 
plosions  would  take  place  under  gieat  pressure  which  may  account  for  the  . 
loudness  of  the  sound. 

6.  The  estimated  duration  of  the  sound  at  Beasley's  Point  was  not  b  ss 
than  one  minute,  indicating  that  the  most  diatant  point  of  the  explosion  was 
not  less  than  twelve  miles  further  from  that  place  than  its  nearest  point. 
Comparing  this  with  the  positiion  of  the  assumed  path,  we  find  that,  during 
the  explosion,  the  meteor  must  have  travelled  fifteen  or  twenty  miles,  occu- 
pying about  a  second  of  time. 

7.  The  explosions  were  very  numerous,  arranged  in  two  series,  the  whole 
occupying  only  half  a  second  of  time,  but  the  individual  sounds  were  distin- 
guishable, because  of  the  different  distances  they  had  to  travel  to  reach  the 
ear.  The  velocity  of  the  meteor  being  more  tlmn  100  times  that  of  sound, 
the  reports  must  have  come  in  the  order  of  distance  and  tioi  in  the  order  of 
their  occurrence,  causing  the  end  of  the  explosion  to  be  heard  before  the 
beginning.  The  faint  rushing  souikI.h  first  heard  by  Mr.  Ashmead  muiit 
have  had  their  origin  beiow  the  explosion,  and  been  caused  by  the  flight  of 
the  f raff  meats  towards  the  earth.  If  the  direction  of  the^r«^  yiitiat  sound 
could  be  indicated  by  persons  further  west,  it  might  serve  to  point  to  the 
place  where  the  fragments  fell. 

8.  The  meteor  lost  its  luminosity  with  the  explosion  or  shortly  after,  and 
hence  was  not  seen  by  persons  in  Cape  May  County  an<l  vicinity,  it  bein«» 
loo  much  overhead  to  come  within  the  ordinary  r;ingu  ol  vision,  and  the  time 
of  flight  being  too  short  to  allow  them  to  direct  liicir  eyes  to  it  after  seeing 
the  flash* 

If  the  heat  be  due  to  the  resistance  of  the  air,  it  must  be  principally  deve- 
loped at  the  surface  of  the  forward  half  of  the  meteor.  Consequently 
most  of  the  explosions  must  occur  then,  and  the  force  of  each  be  directed 
backward,  tentiing  to  check  the  velocity  of  the  mass.  In  fact,  we  may  per- 
haps consider  iha  series  of  explosions  to  be  merely  one  of  the  forms  of  the 
atmospheric  resistance.  This  must  increase  rapidly  with  the  density,  although 
it  may  be  insufficient  to  account  for  so  great  a  reduction  of  speed  as  would 
entirely  destroy  the  luminosity  of  the  meteor  before  it  reached  the  earth. 

9.  From  the  tremendous  force  of  the  explosion,  ntid  from  the  fact  that  this 
meteor  was  seen  l>y  persons  who  were  not  witliin  2(K)  mile?  of  any  part  of 
its  path,  as  at  .baltm,  Massachusetts,  and  Petersburg,  \  irgmia,  we  must  cer- 
tainly eondode  that  it  was  of  very  considerable  size ;  but  we  seem  to  have 
no  data  for  any  approaimation  to  its  actual  dimensions.  It  was  certainly 
heated  to  a  most  intense  brightness;  and  the  experiments  of  Professor 

Lawrera  Smith,  detailed  in  SiUimanV  Journal,  vol.  xix.  foUSiOb  aeoond 
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terieiy  ia  which  he  found  that  a  piece  of  lime,  lets  than  half  an  inch  in  dia* 
meter,  in  the  flame  of  the  oxy  hydrogen  blowpipe,  had,  when  viewed  in  a  clear 

evening,  at  the  distance  of  half  a  mile,  an  apparent  diameter  twice  that  of  the 
full  uiooij,  show  conr!u9iv(  ly  that  no  reliance  can  be  placed  upon  CHlciilnfioiis 
ft)uniied  upon  the  apparent  liiameler  of  bodies  in  a  state  of  incandescence. 

10.  The  apparent  form  of  the  meteor,  that  of  a  cone  moving  base  fore* 
most,  may  have  been  due  to  its  great  angular  velocity,  combined  with  the 
eCfoct  of  irradiation  above  referred  to.  The  impression  made  npon  the  eye 
by  the  incandescent  body  it«elf,  would  doubtless  be  grater  than  that  made 
by  the  sphere  of  light  surroundinfr  it.  Con-iequently  we  shouh!  continue  tO 
f^ee  the  body  itself  after  the  impre&sion  of  llie  mere  glare  hail  jaded  awBv; 
so  that  the  apparent  diameter  of  the  end  of  the  tail  may  represent  the  actual 
angular  diameter  of  the  body. 

11.  The  iDvisibility  of  the  meteor  to  persons  at  Philadelphia  and  viclnityt 
wa9  no  doubt  due  to  the  position  of  the  sun,  the  direction  of  whioh  then 
coincided  with  that  of  the  meteor* 

No.  — Abstract  of  a  paper  by  R.  P.  Greg,  £:}q.,  F.G.S.,  in  the  Philoso- 
phical Magaxine,  April  I860,  On  Luminosity  of  Meteors  from  Solar  Re- 
fieaioo." 

With  reference  to  the  cause  of  the  lumbosity  of  shootlog  slurs,  the  author 

proposes  to  prove  that  thpir  luminosity  cannot  arise  from  solar  reflexion, 
a  theory  partially  siippoi  t»  d  by  Sir  J.  Lulibock  and  others.  He  observes 
that  the  very  sudden  appearance  and  disappearance  of  shooting-stars  and 
small  meteors,  and  their  general  resemblance  on  a  small  scale  to  comets  wiiich 
shine  by  solar  leflexioo,  eertulnly  fhvour  the  idea,  either  that  suddenly  enter* 
ing  the  cone  of  the  earth's  shadow  they  are  instantly  eclipsed,  or  conversely, 
become  visible  as  they  emerge  from  it ;  or  secondlj/t  previously  self-luminous 
in  planetary  space,  they  may  become  suddenly  extinguished  on  entering  the 
denser  atmosplinc  of  the  earth  ;  or  thirdly^  they  may  suddenly  become  visi- 
ble and  luminous  only  on  entering  the  earths  atmosphere  by  friction  and 
compression,  by  rapid  absorption  of  oxygen  and  sudden  chemical  action,  or 
by  eleetrieal  excitation. 

The  author  then  refers  to  Sir  J.  Lubbock's  ])aper  in  the  Philosophical 
Magazine  for  Fehmary  184-8,  and  shows  by  a  different  treatment  how  un- 
likely, if  not  impossible,  it  is  that  ordinary  shooting-stars  (those  not  show- 
ing symptoms  of  active  ignition  within  the  lower  limits  of  the  earth's  atmo- 
sphere) can  ever  shine  by  reflected  solar  light ;  and  this  simply  from  the  fact 
tliat  thcf  would  be  too  far  off  for  us  to  observe  such  small  bodies,  at  even 
the  nRRMMMS  distance  at  which  (at  certain  times  and  plafws  on  the  earth's 
surface  when  and  where  we  know  they  arc  very  frequently  seen)  they 
actually  could  be  so  visible;  and  concludes  his  paper  by  remarking  that,  if 
his  calculations,  &c.  be  correct,  the  majority  of  shooting-stars  do  not  shine 
by  reflected  light* 

No.  3. — M.  Schmidt  on  the  Luminous  Trains  left  by  Meteois,  Ac. 

M.  Schmidt  repeats  an  observation  of  M.  Faye's  in  the  *Comptes  Rendus/ 
vol.  xxxii.  p.  667»  relative  to  the  small  amount  of  moveability  in  the  tails  or 
luminous  train*!  not  unfrequently  left  by  mcteoi's,  which  seems  to  {)rove  that 
the  lurnier  must  be  found  in  the  atmosphere  belonging  to  and  surrounding 
the  earth,  and  not  in  the  firmament  which  lies  beyond  it  M.  Faye  observed 
one  of  these  tails  through  the  telescope,  and  he  saw  it  ''lingering  for  mora 
than  three  minutes,  without  changing  its  place  very  perceptibly. — Other 
observen  have  observed  them  to  remain  for  more  than  seven  nUnutes."  M. 


Digitized  by  Google 


16 


BSPOftT — ^1860. 


Schmidt  remarks  on  {he  <!tran^f  noss  of  tliis  str\tionary  condition  of  t\w  lumi- 
nn!!s  trains  of  metecns,  likL;vise  on  the  cloud  like  appearances  generally  left 
by  detonating  meteors  even  ia  tlie  day-time,  when  we  come  to  consider  the 
enormous  velocity  of  the  meteors  themselves  through  the  higher  regions  of 
the  atmosphere ;  but  he  saysi  "  we  must  recollect  an  (Msy  and  interesting  ex* 

fteriment,  by  which  we  may  obtain  a  similar  result  If  you  take  a  common 
ucifer  match,  still  burning,  or  when  it  is  just  about  to  brconio  extinguished, 
and  throw  it  from  you  in  any  direction,  either  quickly  or  slowly,  you  will 
in  many  cases  perceive,  either  a  straight  immoveable  line,  or  an  undulating 
or  eurliog  line  of  white-grey  smoke,  standing  stIU  in  the  air,  if  the  air  is  calm 
and  not  in  motion.*' 

M.  Schnudt  observes  how  important  oliservations,  whether  telescopic  or 
otherwise,  are  respecting  the  tails  of  meteor^, —  1st,  as  rogml^  their  proper 
motion  ;  2nd,  the  downward  curvature  sonietinu  s  exhibited  by  them,  and 
the  way  in  which  they  break  up  and  disperse ;  and  3rd,  the  means  Uiey  may 
afford  of  ascertaining  by  parallax  their  height  above  the  earth,  a  matter  of 
very  great  importance  for  ascertaining  at  what  heights  the  atmosphere  ceases 
to  have  any  influence* 

M.  Schmidt  then  proceeds  to  cite  a  number  of  instances  from  !iis  own 
catalogue  of  meteors,  where  tails  have  been  obMrved  of  long  duration,  or  as 
offering  very  peculiar  appearances :  e.  g» 

166i.  Aug.  3.  A  very  large  meteor  with  curved  tail,  seen  at  Papa,  Hun- 
gary. 

1791.  Nov.  II.  At  Gottingen  and  Lilienthal,  a  meteor  left  an  undulating 
tail  of  a  shining  white  colour,  in  parts  alternately  showing  the  prismatic 
colours ;  then  became  more  curved,  and  turned  into  vapour  of  a  pale  yellow* 
ish  colour  before  finally  disappearing. 

1798.  Oct.  9.  Brandes  witnessed  at  Gottingen  how  the  tail  of  a  bright 
shooting-star  bent  itself  within  15  seconds  like  a  bow. 

1840.  July  30.  Ditto  at  Vienna,  in  15  seconds  also. 

18^5.  Oct.  2  k  Schmidt  observed  at  Bonn  the  change  in  the  form  of  the 
tail  of  a  meteor  in  4>  minutes;  it  became  severed  and  l>ent,  and  dissolved 
into  small  grey  clouds.  The  wliole  mass  moved  i°  from  its  original  place  at 
final  disappearance. 

1853.  Oct.  26.  A  large  meteor  seen  in  Pomerania,  left  behind  it  a  spiral 
tall  long,  which  contracted  soon  into  a  ball,  and  again  passed  into  a  spiral 
curve,  finally  assuming  the  shape  of  a  capital  Z. 

\85V.  Au(^.  1.  At  Gottingen,  a  fine  meteor  left  behind  a  bright  tail  fi' 
w  ide  and  2'^  in  It  nglh,  la^^ted  8  or  9  minutes  after  dividing  itself  into  three 
oval  ball>',  and  show  ing  at  lirst  uneven  undulations  or  knots,  while  the  tail  itself 
shortened  and  became  more  like  a  W.  Whilst  these  changes  took  place  ia  the 
tail,  the  whole  mist-like  mass  moved  along  the  sky  in  a  nearly  opposite  direc- 
tion to  the  motion  of  the  fireball  itself;  the  tail  had  thus  moved  9°  in  8  minuter 

1859.  Aug.  9,  10,  11.  During  tho^c  three  nights,  M.  Schmidt  at  Athens 
succeeded  in  observing,  on  I'unr  different  occasions,  the  curving  of  meteor* 
tails  tliroueh  the  telescope.  The  whole  time,  m  liirce  cases  of  visibility,  was 
ITO^'t  140'%  and  220^  respectively ;  in  one  case  only  1(/'  or  12".  llie  corva^ 
tore  of  the  tail  began  to  be  percpptible  almost  directly  after  the  meteor 
ranished,  and  the  proper  motion  in  one  direction  very  decided.  In  one  of 
theoe  ca<seM,  viz.  on  Aug.  11,  a  bright  orange-coloure<I  sliooting-star  left  n  t:iil 
visilih-  lo  i!ie  naked  eye  4-"  or.-l",  but  through  the  telescope  220";  the  direc- 
tion about  trom  L.lN.E.  to  W.S.W.  The  following  figure  shows  the  real  mo- 
tion of  the  tail,  compared  with  the  apparent  motion  of  the  shooting-star. 

The  tail  finally  broko  up  into  a  number  of  small  fragments. 
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ahf  the  apparent  motioo  of  the  shootlog-tfar. 
a,  tail  at  end  of  5th  ceeoDd. 

/3,  tail  at  end  of  12th  second. 
V,  tail  at       of  180th  second. 
0,  tail  at  end  of  220th  second. 
A  U,  apparent  motion  of  the  tiii  nearly  at  right 
angles  to  a  & 
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Fig.  2. 

Aug,  9.  Representing,  after  another  meteor,  a 
similar  movement  of  tail  as  compared  with 
the  meteor  itself. 

/ 

M.  Schmidt  states  that  credible  cases,  where  the  tails  of  meteors  and  shoot- 
ing-stars remain  Tistbte  longer  than  5  seconds,  are  very  rare  and  bolated.  lie 
cites  thirty*nine  ins tanoes  from  hU  own  catalogue,  of  which  we  select  seven 
instances  of  longest  dnration. 

1751.  May  f6.  9^30^  Kraschina  (Agram  meteoric  iron  fall). 

1803.  Oct.  10.    1"   On  the  high  seas. 

18m  July  SO.       IS'"  Vienna. 

1847.  Jan.   10.       10"  ......  Vienna. 

184-7.  Nov.  10.       10*  Benares. 

1853.  Aug.  26.      10*  Mazzow. 

1856.  Oct.  29.      80"  Laybach. 

Among  the  tbirty*nlne  Instances  given  by  M.  Schmidt,  there  were  more 
than  one  instance  of  the  tall  winding  or  doubling  itself  up,  nay.  of  even 
▼anishing  and  then  re-appearing. 

Jhiratkm  cf  JUdeors. 

M.  Schmidt  also  offers  further  remarks  on  the  duration  of  meteors,  and  fie 
observfs  how  rnroly  tliey  are  risible  for  more  than  1  second ;  that  0'  2"  to 
1'  5'  ii  the  usual  time  of  visibility;  the  practi-^rd  observer  knows  tliat  tlie 
majoritv  in  tact  of  shooting-stars  only  shine  duiing  the  fraction  of  a  second. 

In  all  probability  the  short  moment  during  which  the  light  shines  is  at  the 
same  time  the  moment  of  its  partial  and  find  extinction. 

The  time  during  which  a  shooting-star  is  visible  is  a  subject  for  the  art  of 
more  rofinfd  observation,  and  M.  Schmidt  hopes  that  much  attention  will  be 
directed  "towards  determining  the  duration  with  regard  to  coloHrs  anrl  any 
anomalous  motions  of  meteors."  In  his  treatise  on  Meteors,  p.  1.5,  M.  Scliiiiidt 
states  bow  long  the  tails  or  luminous  trains  of  meteors  remain  visible,  with 
regard  to  eoAmr,  viz.  as  follows  t-^ 

sec.  Mean  error. 

With  white  ineteorg,  the  mean  =1"00  in  24-  observations  .  0*05 
.  With  yellow  meteors,  tlie  mean=  1*51  in  18  observations..  ..  0*15 
With  green  meteors,  the  mean  =1'^6  in  12  observations. . ..  0*29 

186a  o  ^  , 
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On  the  other  hand,  at  p.  50,  the  time  during  which  tails  are  visible  upootbe 
whole  number,  with  regard  to  these  different  colours: — 

lee. 

tlaie  of  danaon  for  the  white  shoot- 1         ^  ^  cliwmtlwtt.  1849. 

ing- stars,  mean  ^ 

Trnt  of  dnrstioii  for  the  ydlow  thool.1^  _q.^q        observatioot.  a.d.  1849. 

ing-stars,  mean  J 

Time  of  duraUon  for  the  yelloimh.red  1  ohiemtioiifc  A.II,  1849. 

thooting- stars,  mean  J 

Tine  of  dnitiioii  for  the  green  shoot- 1         ^  J  obMmtioBfc  a.i>.  1949. 

log-stara,  mean  / 

Time  of  dt^Uon  tor^^irirt^^r|  ^^.^^        obtcrrationt.  x^.  1849. 

Likewise  io  the  year  1850  the  longer  duration  of  the  coloured  meteors 
showed  itself  in  the  foUowing  proportional  mean*: — 

•ecs. 

Duration  of  the  white  s=M6  in  12  observations. 

Duration  of  the  yellow  s  l  -25  in  8  observfttioos. 
Duration  of  the  yellowish  reds  1-41  in  6  obaervationa. 

If  we  consider  the  lime  during  which  the  light  of  the  meteor  itself  lasted 
w  ithout  regard  to  any  Other  phenomena,  we  find  in  his  catalogue  the  follow- 
ing instances  which  show  that  in  the  case  of  many  thousand  observaticina 
it  is  very  rare  that  ft  shooting-star  or  meteor  remains  visible  for  more  than  5 
seconds. 


Dste. 


178S. 
1846. 

1812. 
1 84-2. 
18i:i. 
184-3. 
1844. 
1846. 
1847. 
1851. 
185^2. 
I854-. 
1854. 
1866. 
1857. 
1859. 


August  18  ... 
November  1... 

November  7... 
November  ?1 
Scptfmbcr  19 
September  22 
August  11  ... 
August  10  ... 
November  29 
Se]  »t("nihf>r  t?6 
November  3 

August  1  

December  8... 
October  99  ... 
? 

July  27   


Dnittion. 


sees. 
60* 

10 
10 

8 

7 

9 

6 

8 

8 
11 
10 
35 

8 
12 
28 
12 


Pises  of  ebismtioD. 


London. 

Hamburg. 

Hamburg. 

Hamburg. 

Hamburg. 

Hamburg. 

Hamtmrg. 

Bonn. 

Bonn. 

.Munstcr. 

Monster. 

Gottingen. 

Vienna. 

Laybaeh. 

Vienna. 

Athens,  for  28*^  arc. 


The  following  remarks  on  the  hypothesis  that  the  intensity  of  the  Uf^ht 
of  the  meteors  is  eauiied  by  the  oxygen  in  the  atmospliere,  are  here  translated 
terbfttim  from  M.  Schmidt's  conmiunication  to  M.  Haidinger:  — 
-  In  cotisequence  of  the  obcervationsi  which  were  then  being  made  by  Ben* 
zenberg,  Brandes,  Felder,  Hdss,  by  myself  and  others,  in  the  vear  1851, 1' 
examined  into  this  question  more  closely,  and  I  arrived  at  a  result  which  was 

•  Mr.  Greg  fouad  oue  account  of  this  aelsor  sistiag  it  was  20^.  leta  la  aa  srs  ef 
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inrlircctly  opposed  to  that  hypothesis:  since  it  is  a  difficult  matter  thoroughly  . 
to  refute  old  objrctions,  however  untenable,  I  may  jicrliapabe  pernutted bttTd 
to  refer  to  them,  and  to  refer  to  oumbers  instead  of  to  opiDions. 

**We  all  know  that  the  intensity  of  the  light  of  shooting-stars  is  estimated 
aeeotdiDg  to  tlie  brightness  of  the  stafs,  tuid  we  therefore,  e.  ^ay  thai  a 
meteor  is  of  the  first  magnitude  when  its  light  eqnak  that  of  Arctami  or 
Yega.  If  it  shines  brighter  than  Jupiter  or  Venus,  we  designate  it  a  small 
fiffball.  If  we  put  suc'Ii  numerical  values  for  the  shooting-stars  so  as  to 
express  the  intensity  of  their  light,  and  if  we  call  h  tlie  ni<  an  height  of  the 
shining  portion  of  the  lumiauua  track  above  the  surface  ol  the  earth,  we 

obtain  the  following  mean  proportional  valoea,  whieh,  in  the  year  1851>  I 
deduced  from  the  obeerrationa  then  made  (see  my  work,  p.  111}:^ 

Meteor  of  1st  magiiitinle,  A=16*2  geogniphical  miles,  for  14-  observations* 
Meteor  of  2nd  magnitude,  A=15*9  geographical  miles,  for  20  observations* 
Meteor  of  3rd  magnitude,  A=10'8  geographical  miles,  for  24  observations* 
Meteor  of  4th  magnitude^  h=s  8*5  geographical  miles,  for  81  observations, 

Hence,  therefore,  it  follows  that  the  large  meteorg  belonj^  to  the  highest 
regions  of  the  earlh,  where,  as  wo  geiierally  sni>pose,  tliere  exis^ts  scarcely  any 
air  at  all ;  that,  however,  the  ^malii  meteurs  which  have  a  feeble  light  are  seen 
nearest  to  the  earth,  and  oeeopy  the  limits  of  the  atmosphere,  where  the  latter 
still  exists  in  a  greater  and  more  perceptible  degree,  and  that  they  descend 
still  lower.  It  is  therefore  not  tAt  oti^fgm  of  the  air  which  is  in  the  main  th« 
chief  cause  and  oiigla  of  the  burning  or  glowing  of  the  meteors." 

Note  by  Mr.  Greg, — That  the  smaller  shooting-stars  are  frequently  nearer 
than  the  larger  meteors,  may  possibly  be  still  further  supposed  to  be  true^ 
from  the  fact  that  usually  they  are  seen  to  move  more  rapidly  than  the  larger 
ones.    Still  exceptions  may  exist,  as  in  the  case  of  very  large,  and  probably 

aeroHtic  fireballs  moving  horizontally  and  parallel  to  the  horizon. 

The  height  at  which  meteors  are  not  merely  luminous,  but  can  leave  nearly 
stationary  trains  of  light,  is  truly  surprising ;  one  would  almost  liave 
imagined,  at  that  distance  from  the  surface  of  the  earth,  some  retardation  in 
space  of  the  attenuated  and  upper  stratum  of  air,  as  oomparsd  with  the  rapid 
movement  of  the  earth  on  its  own  axis. 

It  is  to  be  regretted  tliat  the  extreme  limits  of  the  auroral  regions  are  not 
yet  more  precisely  ascertained  ;  but  it  is  not  improbable  that  shooting-stars 
are  commonly  visible,  or  iuminous,  precisely  in  that  very  region,  and  that 
their  luminosity  may  to  some  extent  be  owing  to  electrical  excitation* 

No.  4. — In  the  '  Comptes  Rendus,'  vol.  xxxvii.  p.  547,  M.  Coulvier-Gravier 
gives  a  list  of  168  bolides  observed  from  1841  to  1868»  classed  as  roUowat<« 

1st  size  *..,.*.•   81 

2nd  size  ••••«•  89 
Srdsiie  ^ 

168 

of  which  latter,  viz.  those  of  the  8rd  siie,  he  states  as  being  larger  or  brighter 

than  Jupiter  or  Sirius  ;  the  relative  or  absolute  size  of  the  two  other  e)asM»?»  are 
not  stated.    These  three  classes  described  average  arcs  or  paths  as  follows 

1)  31  ...  arc  of  42**  4' 

2)  39  ...  arc  of  26°  7' 
(3)  98  ...  arc  of  22**  7 
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Their  directions  at  different  boon  of  the  night,  and  nnmberii  are  given  in 
the  annejied  Table : — 


Dlrectioat. 

U  P.M.  to  10  P.M.  ' 

lU  r.M.  to  Z  A.M. 

2  A.M.  to  6  A.M. 

Tottik 

• 

u 

fl* 

% 

Q 

V 

W  Iff  V 

••• 

* 

> .  K. 

Q 

9 

* 

1 
1 

o 

o 

9  U  V 

1 

e 
o 

0 

Q 

o 

£• 

1 
1 

•7 

f 

a 

A 

in 

Cr« 

Q 

Q 
a 

1 
1 

i  1 

A, 
• 

a 
o 

1 
1 

19 

8. 

4 

•  •  • 

8 

7 

s.s.w. 

1 

4 

5 

10 

s.w. 

••• 

8 

5 

18 

W.S.W. 

9 

O 

i 

1 

S 

S 

6 

6 

9 

8 

23 

N.W. 

4 

4 

6 

14 

••• 

6 

6 

44 

76 

48 

168 

T!)o  it-  bolides  which  were  oliservcd  from  6  p.m.  till  10  p.m.,  were  seen 
during  G94f  hour:*  ot  observation,  whicii  gives  one  bolide  for  15  hours 
47  minutes  for  that  part  of  the  night,  of  which  the  average  is  9  o'clock. 

The  76  bolides  from  10  p.m.  till  2  A.u.  were  seen  in  848}  hours  of  obser- 
Tation,  which  gives  one  bolide  for  every  11  hours  and  10  minutes  for  the 
fecond  part  of  the  nii^ht,  with  the  mean  of  midniglit. 

The  IS  bolicios  from  2  a.m.  till  6  a.m.  wcne  observed  in  3iO  hours,  which 
gives  one  bolide  for  every  7  hours  and  S  minutes  for  the  third  pari  of  the 
night,  the  mean  being  3  A..\f. 

The  number  of  bolides  being  therefore  inverse  of  the  times  as  above,  for 
each  bolide.  If  one  allows  100  for  midnight,  we  should  find  from 

He.  of  bolidei. 
6  to  10,  average  9  p.m  71 

10  to  ^ly  average  midnight  =100 
2  to  6,  average  3  a.m  si 58 

The  number  of  bolides  seen  about  6  a*m.  is  triple  the  number  of  bolides 
observed  in  the  evening,  a  result  which  accords  with  the  hmary  and  usual 
variations  of  shonting-^lar^  generally. 

Ont  of  1';^  ixflideg  obscrvrd,  thrrf  were  101  which  left  longer  and  shorter 
trains  of  li^ut  of  different  (1<  grecs  of  duration. 

Out  of  the  &auie  number  there  were  20  wliich  burst  into  sparks  afier  a 
coone  more  or  less  arrested  hy  the  rupture. 

.  Lastly,  there  were  8  which  changed  their  original  velocity,  or  became  sta^ 
tioDary'iu  their  course;  two  which  changed  their  direction  towards  the  end 

of  their  path,  nnd  one  which  had  an  oscillatory  raoveiiionf. 

M.  Couivii  r-Ciravier  elsewhere  remarks  that  6tb  magnitude  falling  start 
have  arcs  or  paths  of  from  40*^  to  9°. 
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In  tlie  *Compt(fl  Rendiii,'  rol.  zlv.  for  1857t  p<  257.  M.  Coulvier-Gnvier 
reinarlu»  in  a  series  of  obsenrations  on  the  August  periodical  meteors  during 
•  period  of  twelve  years,  that  (he  nmxinium  number  per  hour,  from  9p>M>to 

10  P.M.,  arc  seen  between  the  N.E.  and  F  N.l'.  to  2"  5'  of  N.E.    From  2  to 
S  A.M.,  between  K.S.E.  and  S.E.,  li^  of  E.S.E.    From  9  p.m.  to  3  a.m.  the 
maximum  has  advanced  65  towards  the  South  (or  11°  per  hour);  so  that 
one  would  conclude  that  at  6  a.m.  tlie  maximum  would  be  between  the 
and  S.S.E.,  T*  of  S.&E. 

Tbe  above  is  also  conBmied  by  the  general  result  Tor  other  months  of  the 
year,  i.  e.  the  maximum  for  August  being  in  the  morning  between  the  S. and 
aS.S.E.,  the  general  average  for  the  year,  of  sliooting-stars,  being  E.S.E. 

Mr.  G.  C.  Bompas's  valnnble  treneralizaliona  on  this  fact  of  tlic  liumber 
of  meteors  iiieteasing  regulaiiy  iroui  G  p.m.  to  6  a.m.,  as  tliut  the  number 
appearing  in  tbe  East  is  double  tbe  number  originating  in  the  West,  are  given 
in  a  reiumi  at  p.  131  of  the  Yolume  of  the  British  Association  Reports  for 
m7t  hehl  at  Dublin. 

No.  5. — Mr,  R.  P.  Greg  gives  the  following  result*,  taken  from  a  catalogue 
be  iias  constructed  of  the  most  remarliable  meteors  on  record,  as  regards 
their  general  observed  direction ;  without  reference,  however,  to  the  precise 
hours  of  observation,  a  matter  probably  of  less  eonsequence  in  very  large 
meteors  moving  near  the  earth's  surface,  than  in  the  case  of  ordinary  sporadic 
•hooting-stam. 


Month. 

No.  of  observations. 

General  direction. 

17 

II. W.  to  S.E. 

SO 

? 

13 

•.B.  to  M.W. 

21 

».  to  8« 

15 

B.tO  W. 

18 

? 

H 

£.£.  to  K.W. 

24 

? 

22 

V.W.  to  8.B, 

19 

W.  to  E. 

November  

39 

N.E.  to  S.W. 

15 

N.  to  S. 

The  number  for  each  month  here  vai  tts  tjuito  accidentally,  as  details  con- 
cerning precise  direction  are  frequently  wanting  in  the  various  published 
■ccoiints  of  these  phenomena. 
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Analysis  of  Tarle  II. 


Adrolitic  epochs 
eOBunon  to  meteor 
epoch*? 

Aerolitic  c]>och0 
probably  distinct 
from  meteor  epochs. 

Tiuicfl  of  fewest 
aerolites. 

Ximcs  of  fewest 
boUdea. 

(>— 10  Febnuuy? 

11—22  Julv. 

• 

4 —  /  Au^fust. 

1 —  0  September. 

1—  5  October? 

9 — 13  November. 
ST'-W  November. 
11 — ^15  Deoember. 

8^ — 10  January. 
14—22  March. 

5  April, 
17—21  May. 

3 — 10  Jnne. 

3—  8  July. 

Jan.  18— Feb.  6. 

April   20^25, 

Apnl  2t)— M;.v  7. 
August   ...'21  '  31. 
Scptemb«<r  17 — 30. 
Dec.  10— Jwj.  7. 

Febmeiy  ..,24 — .'Jl. 

April   19—20. 

Juno   24-^. 

July  1—10. 
September  12— lU. 

Observations  on  the  preccdiiKj  Tulksy  ^c, 

1.  While  the  number  of  bolides  is  consiilortibly  larger  for  December  and 
January  than  lor  June  and  July,  tiie  number  of  aerolitic  falls  is  about  as 
large  again  fur  the  latter  as  fur  the  I'ortner  period ;  the  earth  in  her  orbit 
in  ihe  first  case  being  at  her  peiihelion,  in  the  latter  at  her  aphelion. 

2.  The  dislribtttion  of  the  larger  claM  of  meteora  is  not  so  unequal 
throughout  the  year,  if  we  make  allowance  for  the  immense  number  usually 
periodically  observed  in  August  and  November,  when  meteors  as  large  in 
apparent  size  as  Jiipitor,  or  even  Venus,  are  not  unconnnon.  March,  May, 
June,  a?ui  July  fui  jasli  out  of  the  total  number  generally  observed  oF  meteors 
of  all  i;izes,  the  iargebt  proportion  of  bultdcs,  and  especially  of  aerolites. 

S.  There  is  a  remarkable  equality  in  the  numbers  of  aerolttio  falls  for  the 
fini  half  of  the  year  ai  compared  with  the  second  half,  viz.  lOS  and  101  re- 
spectively. There  does  not  appear  to  be  any  very  remarimble  preponderance 
in  this  class  of  meteoric  phenomena  during  the  periodic  epochs  for  shooting- 
stars,  t.e.  about  the  9th  of  August  and  10th  of  November.  In  the  analysis  of 
Table  II.  these  epochs  are  more  fully  pointed  out.  There  appear  to  be 
aerolitic  epochs  entirely  distinct  in  themselves ;  and  it  is  worthy  of  remark 
that  these  epochs  are  apparently  most  distinctly  markedt  with  regard  toshoot* 
ing-stars  and  bolides  oolyi  during  the  first  six  months  of  the  year ;  whilst  all 
the  epochs  po-^-^ibly  common  to  both  clashes  are  seen  to  occur  in  the  second 
sLx  months  of  the  year,  with  the  single  exception  of  one  in  February, 

4.  Analyses  of  several  catalogues  arc  concisely  given  in  Table  I.  for  the 
purpose  of  convenient  comparison.  They  varj*  more  or  less  from  each  other, 
though  not  very  materially;  necessarily  in  constructing  such  catalogues, 
some  latitude  and  difference  of  opinion  may  exist  respecting  what  constitutes 
a  proper  bolide  \  atid  recorded  observations  may  not  al\Yays  be  very  definite. 
If  meteors  of  the  size  of  Venus  or  Jupiter  were  included  without  discrimina- 
tion, the  list  of  fireballs  for  August  and  November  might  be  swelled  out  in- 
definiteW;  e.g.  hundreds  of  meteors  of  that  size  were  seen  on  one  night 
alone,  November  IS,  18SS,  in  America.  The  practice  of  late  years  of  look* 
ing  out  more  particularly  for  shooting* stars  at  the  usual  August  and  Novem* 
ber  pt  riuds,  probably  tends  to  increase  disproportionately  in  nil  catalogues 
of  boliffes,  the  number  of  observations  for  tho.»tc  two  months,  though  the 
November  period  a|iiif  ;irs  for  the  present  to  have  become  very  much  less 
remarkable  for  meteoric  displays  than  foruicrly. 

In  constructing  his  own  catalogue,  Mr*  Greg  has  endeavoured  merely  to 
insert  such  observations  as  might  with  most  certainty  be  assumed  to  be 
mnarkable  for  siie  and  brilliancy. 
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The  catalogue  itself  may  iKMiiblj  appear  to  a  futnie  VDlmne  of  tbe  Reports 

of  ihc  Hritish  Association. 

An  attempt  hn<  been  made  to  sof)arate  (as  aet  'liiir)  the  class  of  detonating 
meteors,  of  M  hich  luore  than  1(X)  are  bcparaicly  given ;  great  care  having 
been  taken  to  obtain  the  fullest  and  most  accurate  list  of  that  class  of  me- 
teoric pheoomena,  as  being  most  interesting  and  most  importaaty  but  whieh 
baa  hitherto  either  been  statistically  too  mucii  neglected,  or  not  sufficiently 
separated  and  distini^uished  from  the  class  of  fuohnlls  without  ddonation ; 
large  fireballs  bein^^  freqiu  july  said  to  expUxfe  or  Inirsl,  lliDugh  when  so  ex- 
pressed oidy,  it  must  be  construed  as  witliout  noise,  it  has  iikewi:^  been 
the  custom  with  some  writers  and  observers  to  rank  as  aerolitic»  all  the  larger 
class  of  fireballs*  whether  observed  to  burst  with  or  without  detonation* 
Probably  cm-third  of  the  latter  fireballs,  t.  e,  having  an  apparent  diameter  of 
15'  and  upwards,  burst  with  an  audible  explosion,  this  for  those  observed  at 
night;  of  tho?e  similarly  observed  during  daytinie  the  proportion  (according 
to  Mr.  Greta's  calcnlations)  is  greater,  pmbably  about  oiie-lmlf.  It  is  a  {lin- 
gular laet,  tiiat  out  of  "22  sioneialls,  who&e  precise  hour  of  fall  has  been 
reoorded,  only  iS  occurred  before  noon,  and  no  less  than  58  fell  between 
noon  and  9  f.m*  Why  so  few  should  have  fallen  at  night  and  before  noon«  in 
the  morning,  it  is  not  ea^y  to  say,  supposing  it  not  to  be  the  result  of  chance. 
If  true  that  m«>rc  aerolitic  falls  occur  <iuri!i^  daytime  than  during  the  nighty 
it  would  seem  that  there  is  a  greater  teinleucy  to  encounter  those  bodies  in 
their  orbits,  as  they  rece  de  from  the  sun  ;  that  side  of  the  earth  most  directly 
opposite  to  the  sun  being  naturally  most  likely  to  come  into  actual  contact 
with  them.  The  abore  observations  are  taken  for  aTerage  of  lalitudct  lay 
48^  north,  and  10^  west  longitude. 

Dr.  D.  P.  Thomson,  in  his  *  Introduction  to  Meteorology,'  p.  SO'i,  states 
tliat  meteors  are  of  comparative  rare  occurrence  in  the  Arctic  Regions:  this, 
if  true,  IS  curious  and  impm  taut,  and  deserves  corroboration  from  some  of 
the  great  arctic  navigators  now  living  in  this  country,  and  to  whom  appllca* 
tion  for  any  additional  information  might  readily  be  made ;  the  long  winter 
nights  in  those  parts  being  admirably  adapted  for  observations  (especially 
horary)  of  shooting-stars. 

The  time  of  maximum  meteor  visibility  being  stated  by  M.  Coulvier- 
Gravier  and  M.  Bompas  to  be  about  (i  a.m.,  it  is  rather  singular  that  the 
times  of  maximum  occurrence  for  aerolites  and  detonating  meteors  should 
be  about  the  same  boor  p.Hi 

5.  Of  the  Chinese  observations  given  by  Biot,  900  were  made  in  a  period 
of  only  79  year?*,  viz.  from  a.d.  1023 — 1102;  they  include  meteors  of  every 
apparent  size  trom  Jupiter  to  the  Moon;  likewise  a  certain  numb*  r  of  aero* 
lites,  detonating  meteors,  meteoric  showers,  and  doubtless  some  few  auroral 
displays.  The  larger  propurtioo  were  observed  in  that  portion  of  the  sky 
incluaed  between  the  S.W.  and  S.E. 

M.  AbelRlmusat,  in  1819,  has  published  other  particulars,  viz.  of  100 
falls  of  stones  and  detonating  meteors,  which  have  been  recorded  likewise  in 
Chinese  annals,  between  the  sixth  cef>tnry  B.C.  to  1223  a.d.  In  Blot's  list 
the  23rd  ol  October  presented  the  ma.\uiuim  number  of  obiervations. 

G.  Further  observations  are  to  be  desired  respecting  the  zodiacal  light,  aud 
every  possible  connexion  between  that  phenomenon  and  that  of  shooting-stars 
or  meteors.  Likewise  further  information  concerning  the  heights  at  which 
meteors  begin  to  be  visible,  and  cease  being  visible.  The  question  concern- 
ing the  cause  of  luminosity  in  meteors  is  a  highly  interesting  one,  and  still 
an  open  one.  Tlie  phenomena  displayed  by  the  luminous  trains  or  tails  of 
abooting-stars  and  meteors  is  aUu  a  subject  requiring  mueli  utleulioii.  Xhe 
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theory  that  tbej  shine  by  reBeeted  lolAr  light,  hat  b«en  refated  by  Mr.  R.  P. 

Greg  in  the  April  Number  of  the  Diilo^iophical  Magazine. 

7-  It  is  desirable  to  distinguish,  if  possible,  between  ordinary  shooting- 
stars  and  aerolites;  Olmsted,  Dr.  Lawrence  Smith,  and  Mr.  Greg  are  st'-ongly 
of  opinion  that  a  distinction  may  frequently  exi'*t,  both  orbital  ami  physir-al. 

8«  III  a  paper  by  Prof.  W.  Thomson  in  the  '  l^iiio^uphical  Magazine  '  ibr 
December  I054»  '*  On  the  Mecbanieal  Energies  of  the  Solar  System,**  is  deve- 
loped more  fully  the  idea  of  Mr.  Waterston,  that  the  solar  beat  can  only  be 
maintained,  on  any  known  principle,  by  immense  numbers  of  meteorites 
constantly  striking  the  surface  or  atnio.^phere  of  the  sun,  and  thus  producing 
by  their  enormous  velocity  r^nd  friction  a  never-falling  ssource  of  heat.  The 
chief  objection  to  ihi^  tiiuory  un^ud  Iroiu  the  tact  that,  as  far  as  we  prac- 
tieally  know  any  thing  of  meteors^  so  far  from  the  probability  of  their  being 
swallowed  up  in  the  sun  goest  we  see  the  m^ority  of  them  apparently  re* 
earring  without  waste  at  periodical  times,  and  that  for  a  long  term  of  years : 
this  simple  circumstance  goes  much  against  the  probability  ot  Mr.  Waterston  s 
and  Prof  Thomson  •^  theory. 

Considering  that  the  sun's  heat,  as  an  effect  of  its  light,  must  have  been 
maiotained  for  millions  of  years  (as  proved  geologically)  pretty  much  at  its 
present  valtte»  it  it  not  improbable  that  fatere  calculations,  and  a  more  accu- 
rate knowledge  of  the  phenomena  exhibited  by  solar  light,  may  enable  ns  to 
reduce  considerably  the  supposed  absolute  hmt  of  the  sun,  as  now  me;isured 
by  an  imiiginary  thermojneter,  anfl  thus  spare  us  the  necessity  of  supposing 
that  its  heat  is  so  great  as  to  require  myriads  of  meteors  to  be  always  rush- 
ing into  it  to  orsate  a  fresh  supply  of  it.  If  the  minority  of  meteors  should 
be^  as  they  probably  are^  merely  minute  and  gaseous  comets,  not  possessing 
a  solid  or  stony  nature,  it  would  still  more  ioereise  the  chaaces  against 
Mr.  Waterston 's  theory, 

9.  M.  Haidinger  has  recently  published  at  Vien?ia  some  valuable 
papers  on  the  crust  and  external  forms  of  meteoric  stones,  in  relation  to  the 
circumstances  accompanying  their  fall  and  probable  condition  prior  to,  or  at 
the  moment  of,  entering  the  earth's  atmosphere. 


Report  qf  the  Committee  (^pointed  to  dredge  Dublin  Bay,  By  J.  R» 
KiNAHAif,  M.D»,F»L.8*,  Prqfeasor  Zoology,  Go9emmmU  School 
tffSekneo  ^ppUod  to  Mimng  and  the  Arte* 

During  the  autumn  and  winter  months  (1859)  the  author  made  several  ex- 
cursions to  the  bays  to  the  north  of  Dublin,  the  results  of  which  will  be  em- 
bodied in  the  final  Report.  In  the  spring  of  I860,  finding  that,  owing  to 
circumstances  beyond  their  control,  there  was  no  prospect  of  systematic 

assistance  from  the  other  members  of  the  Committee,  the  author  deternnned 
to  fix  on  a  district  to  be  worked  systematically,  and  selected  the  series 
of  bays  between  the  Poolbeg  Lighthouse  and  Bray  as  being  the  most  likely 
to  yield  a  good  return  as  regards  number  of  bpecies  and  variety  of  grounds. 
Accordingly,  since  the  beginning  of  March,  a  series  of  systematic  dredgings 
have  been  carried  out  in  this  district,  the  results  of  w  hich  are  now  communi- 
cated* The  district  may  be  conveniently  divided  into  three  sub-districts:— 
IsL  That  between  the  Lighthouse  wall  and  Kingstown  east  pier,  incbifltng 
Kingstown  Harbour.  2nd.  The  district  between  Kin<^-t  i\\  n  east  pier  anid 
the  suulh  eud  oi  Dalkey  bound,  iucluding  the  whole  sound.    Srd.  The  bay 
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betweeo  the  latter  point  and  Bray  Head,  in  eaeb  ease  ineluding  the  banka  for 
seven  miles  off  shurc. 

Of  these  the  following  call  for  notice  : — 

Bank  i. — The  North  Scallop  brri  lying  about  three  miles  off  in  di»trict  I. 
It  consists  of  pure  sand.  Ojj/uunda:  are  very  common  ;  Uphiocomidce  not 
uncommon ;  ComatulidiB  scarce ;  Astericula  not  uncommon :  one  specimen 
of  AsieriM  ro§ea,  Miiller  {CriAella  nnea,  Forbes),  occurred  bere.  Otber 
Ecbinodenns  rare;  Molluscs  are  rare;  Polyzoa  and  Tunicataare  very  com- 
mon; Crustacea,  Decapoda,  not  uncommon,  species  few  ;  Ampliipoda  rare; 
Cirrhipeda  common  ;  Artinlida  are  scarce  ;  and  Polypifera  very  common. 
It  may  be  generally  noUti,  however,  as  unprofitublc  ground. 

2.  VVithiu  this  a  bank  of  riei&tocene  line  sand  of  considerable  extent,  but 
generally  narrow  in  width :  tbis  contains  very  few  living  sbells»  but  myriads 
of  dead  shells,  from  which  all  their  organic  constituents  have  been  absorbed, 
and  which  are  easily  distinguished  from  the  shells  found  in  the  next. 

3.  The  Slu'll  Bank. — This,  which  I  have  only  partially  siieceeded  in  tracing 
out,  isa  curious  belt  of  broken  and  living  shells,  the  dead  i^lielU  being  easily 
distinguished  from  tiiusc  of  the  Pleistocene  (Teleoceue)  beds.  Many  spe- 
cies uf  Crustacea  are  bere  found  ;  Zoophytes  are  abundant  in  certain  parts 
of  it;  Ecbinodermata  are  also  common,* chiefly  Ophioeomida,  Echimdm^ 
S^mnculida,  and  Holothiriadm  occur  more  rarely,  at  least  to  the  dredge,  as 
the  oval  tentacles  of  the  latter  arc  frequently  broti;L'^t  up.  This  bank  is 
most  interesting,  as  it  bears  a  close  resentblance  to  the  Turbot  Bank  of  the 
Belfast  Dredging  Committee,  many  of  tiie  shells  being  identical ;  and  one 
remarkable  coral,  as  yet  only  found  in  the  north  seas  of  Ireland,  has  been 
detected  in  it  by  Mr.  E.  Waller  {SphemttrwdtUiWriglUii).  I  have  traced  it 
nearly  the  whole  way  across  districts  2  and  S,  though  in  some  parts  its 
breadth  is  narrowed  to  n  few  yards;  and  it  bears  a  constant  relation  to 
Bank  1?,  which  in  district  3  is  called  the  "  Bnek." 

4.  i^hangauagh  Bank,  a  shingly,  muddy,  sand  oyster-bed,  formed  from  the 
influx  of  the  river  of  the  same  name  lying  inside  the  Back  in  Killiney  Bay. — 
Here  Eupagurui  kemi  first  occurred  to  me ;  Atteriat  roieer,  two  specimens: 
HohUtunadm  are  not  uncommon ;  Zoophytes  and  Polysoa  not  uncommon. 
Of  Mollusca  some  rare  .species  occur  here. 

5.  .Stirrento  Bay. — This  consi»;ts  of  dense  gravelly  sand.  Here  living 
Molluscs  are  rare;  Nuciila  niduiia  occurs  in  some  number,  and  very  fine  ^ 
and  Annelids  arc  not  uncommon  ;  Crustacea,  except  Hyadatt  are  rare. 

6.  Dalkey  Sound. — This  district  requires  almost  a  special  description 
for  itself,  though  not  half  a  mile  long,  and  bsrely  a  quarter  of  a  mile  broad, 
and  the  depth  of  water  in  no  place,  according  to  the  Charti  exceeding  at 
lowest  spring  tides  12  fathoms;  yet  .'pccics  of  every  group  are  met  with  in 
it,  which  are  ordinarily  reputed  to  be  d<  fp-sea  species.  1  have  taken  in  it, 
and  in  it  tmly,  Ophidion  imbtrle,  Finmela  dcnticidatay  Hyas  cocirctatuSt 
Jnadiui  doryneknttf  Elxdia  Pennandi,  and  many  other  species  which  else- 
where  have  only  occurred  to  me  in  SO-fatbom  water*  In  fact,  the  only  spe- 
cies wanting  here  are  those  for  which  I  would  propose  the  name  of  in-aad 
sea  species,  such  ns  Spatangnff  pnrjmrcifs,  J\upagurus  la  vis,  Inachus  Dor- 
settensis,  and  Crangon  AUniauni,  none  of  w  hich  have  cvir  occurred  ph-oti- 
fully  except  outside  the  *'  Back."  1  deler  a  full  description  oi  this  di-nict 
until  my  final  report,  which  I  hope  to  present  to  the  Association  uL  liicir 
next  meeting. 

7.  The  Cnook,  a  bank  about  seven  miles  from  land  in  an  easterly 
direction. — This  consists  of  fine  sand  and  large  shells:  Zoophytes  are  very 
common ;  Oysters  aud  Scollops  also  al>ouiid.   Here  1  met  several  species  of 
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Craatacea, which  are  rare  tStaevrhenf^Eupagtmu  trnmi^  Inaehnt  DantUnuii, 
PinnoUttftt  pisumt  TUromalui  BdKanus,  &c  The  bank  is  not  easy  of 
attainment,  as  it  requires  »mo(^  water  for  its  proper  working,  and  the  past 
season  in  Dublin  has  been  a  f^urcfssion  of  easterly  and  \v(»-tor!y  sales. 

From  all  these  ground-^  a  mimljur  of  species  have  been  obtained  ;  of  these, 
the  Annelida  and  Zoophytes  are  yet  uadeternuucd,  but  the  author  hopes  to 
pot  in  a  lut  of  Iheni  at  the  next  meeting  of  the  Aasoeiation.  Of  other 
groups,  the  following  number  of  species  have  been  determined  :^Fishes,  10, 
one,  fJpkuUam  tmheAet  new  to  Ireland  :  Mollusca,  188,  exclusive  of  Polyzoa; 
of  th(^se  none  are  new  to  Ireland:  Crustacea,  73  ;  of  these  5  are  hitherto  un- 
recorded in  Ireland,  8  new  to  the  east  coast:  Arachnida,  2:  Echinodermata» 
SO,  one,  Asterifts  rosea,  new  to  Dublin,  &c.  Sponges  are  omitted  for  the 
present.  In  the  present  immature  condition  of  these  researches,  it  were  pre* 
mature  to  attempt  any  general  conclusions ;  but  the  resalls  as  yet  obtained 
go  strongly  to  confirm  an  opinion  advanced  by  the  author  some  years  since, 
regartling  the  absence  of  southern  types  on  the  Dublin  coast,  which  occur 
further  north,  and  which  led  him  to  the  adoption  of  an  eastern  Irish  or 
Dublin  district,  extending  from  Dundrum  Bay  to  Carnsole  Point.  For  the 
identification  of  most  of  the  species  the  writer  is  responsible,  with  the  ex* 
ception  of  the  minute  Molluscs;  these  Edward  Waller,  Esq.,  kindly  took  in 
hand — frequent  recurrence  of  his  initials  In  the  accompanying  list  will  show 
Avith  what  success.  Great  quantities  of  the  fine  sand  obtained  in  these 
researches  is  yet  unworked,  so  that  it  is  probable  that  ere  our  next  report 
other  species  may  be  added  to  those  here  given. 

To  complete  the  work,  tiie  Committee  would  ask  tiiat  the  Committee  may 
be  appointed,  with  the  addition  of  Edward  Waller,  Esq.,  as  follows Pro- 
fessor J.  R.  Kinahan,  Dublin  ;  Dr.  W.  Carte ;  Professor  J.  Reay  Greene ;  Dr* 
£.  P.  Wright,  and  Edward  Waller,  Esq. ;  and  that  a  further  sum,  not  exceed- 
ing £15,  be  placed  at  their  disposal  for  this  purpose,  to  euabio  them  to 
co.MPL£T£  this  iuvestigatioo. 

jLiit  of  Species  ot^taintd  in  Kingstown  and  Killiiuy  Bays^  ami  a  few  from 

Baldoyle, 


TOgoM,  Hn'n^,  v«;ry  common. 

 arctica,  liTing;,  not  unoommon. 

BphrpnisBiTighami,  living,  one  spooimsns 

liya  truQcata,  dead,  not  uncommon. 
■       sranaria,  living,  young  apecitaSBS. 
Corbula  nticIcMH.  livin(iC,  not  COmmOfl ;  dssd 

valves,  very  common. 
LyoQsia  Norv^ca,  living,  rare. 
Ilunftcia  phaasolina,  liTing,  rats^  doable 

Tslve^. 

ydlo&iuacala,  uoL  rare. 
'  ■    dtslOlis,  livings  rare. 
Coohtodenaa  pnelenoc^  dead,  lingls  valrss 

only. 

SoUm  mai'ginatus,  dead,  single  valvss  Onfy. 

 siliqua,  livino;.  in  Killiiiey  Bay, 

 eiuij^  living,  in  Killiney  *i^y. 

—  peUoieidtis,  uving,  in  some  numbers,  in 

Killiney  H  iy. 
Solecurtus  caudiduA,  einglo  valves  without 

epidorrais:  ShillBsak. 
- —  ooioetetiu,  spsir  of  tsItss:  DsIIuj 


Fflsmmobia  Fenosniis,  aingls  tsItss,  not 

eommon. 

Twy  oommon* 

Tollina  rrn--.i,  very  coiiuiion. 

incaruata,  d(»id,  singlo  valves  only. 

—  tenuis,  living,  rum, 

'        fabula.  iIl'.uI.  >*\u'^]q  valfss. 

—  aolidula,  rare,  living. 
■  douaciua. 

— ~  pygnuGS,  Tory  nxt,  Hving. 

Ryndo'my.i  alba,  common. 

^Scrobioularia  pipcruta,  unu  dead  speoimeni 

on  Shell  Bank. 
Macira  solida,  rare,  liring  here, 
subtruncata,  one  single  valve. 
dUptios,  Tory  oommoo. 

 Btultonim.  rare  here. 

Lutraria  oliiptica,  dead,  shells  only. 
Tapes  deouanta,  unoommon. 

 pulliuilra,  not  linrommon. 

 virginea,  veiry  common. 

Tenns  eaeina,  unoommon. 

 Btrintula,  rare  here, 

— fasciata,  common. 


Digitized  by  Google 


30 


ftSPOET^liSO. 


Venus  oTata,  coxdiood. 
Artemis  ezoleta,  common. 
 lincU,  not  nnooaiBioii. 

Ludnopsis  undata,  rare. 

C>fpnna  Lslundim,  common,  dead ;  not 

common,  living  here, 
CxT^e  min'inn,  V..  W  .  vorv  ravti. 
Astarte  suicaLa,  ujucouimon. 

 triangiUarit,  S.W.t  noi  tUMoamion. 

Cardium  ecbinntuni.  not  U]10(nninoil» 

living  small,  rare. 
 adule.  rare  here. 


 pTgtn.Tuin,  uncommon. 

— —  Korrc^cum,  not  mioommoo. 

  nodonun*  Ytccj  oommoiia 

■  fasciatuni,  common. 

Lucina  boroalis,  common. 

—  flexuosa,  Killincy  Bay.  rare, 

■  spinifera,  on*'  single  TalVB, 
liontacuta  bidenlata,  E.W. 

—  subslriata,  on  SpaL  purpureus. 
Xallia  suborbicularis,  mm. 

 nibm,  K  W. 

Lepton  uitidum,  £.  W. 

 squamosun,  linglo  TabM»  me$, 

Mjtilua  edtili-  common. 
Modiola  MoiUulus,  common. 
Orandflft  diioon,  oomnioii. 

 marmorata,  uncommon, 

Kucula  nucleus,  rcej  common. 
— —  aitida,  omnmoo. 

 radiata,  not  uncommon,  bai  looil. 

Leda  caudata,  rare,  living. 

Pectunculus  gljcimeris,  living,  rare  and 

small ;  dead,  la^gB  and 
Lima  Loscombii,  rare. 
Pectcn  variuSf  rare. 
— '    pusio,  rare. 

■  tigrimi?  imt  rare, 
maxim  us,  not  rare. 

 opercularu,  toj  oommon. 

O  stn  a  odulis,  very 
Anomia  ephippium. 


striata. 


Chiton  faadcularis,  rare. 

■  maruioreus.  Tare. 

■  aselluB,  very  (5 
yei  undetermined. 

PMella  vul^ata. 

—  pellucidfti 

— -  athletica. 

Acmaa  rirginea,  common ;  Dalkey  Sound. 

 tcstudinalis. 

Deotalium  entalis,  uncommon. 

^tarontinum,  dead,  only  fragments,  rare. 
Pileopsis  Hungarioui,  iwe  here. 
Fissurella  reticulata,  uncoTtmi  n 
Emarginula  reticulata,  uncommon. 
TroehiM  mvphiniiiL 

Sanulatoi. 
ontagoL 

■  ■  tomiclua. 

—  lunbiHcatus, 
'■■  cinerahus. 
— —  milleg^us. 


Trochus  magus,  broken. 

belicinus. 
 piuilliu,  I.W. 

PKasianella  pullii*. 
Adeorbis  subcarmata. 
littortna  littorea. 
'  rudifl. 

■  littoralis. 
lAOuna  vrincta. 

 cni?«iior,  f?hanpnriagli. 

Kiasoa  Bcanii,  E.W.,  one  Iragment. 

 u1t«. 

oostata. 
 panra. 

 WOM. 

— —  puncture,  E.  W. 
 mconspicua,  E.  W. 

—  Bcmisthata,  E.  W. 
aolvte,  one  ipeiMmiii. 

I  vitrea. 

■  striata. 

—  etriatula,  E.  W. 
Skenea  divisa,  £.  W. 
— ■ "  ■  planorbis. 
Tnrritella  oommnnis. 
Caecum  glabrum,  E.  W. 
AporrhaiB  pes-pelecani. 
Oeridilam. 

 advcrsum,  E.  W. 

Scalaria  Turtonis,  broken. 
— —  oommnnis. 
Sulima  polita,  E.  W. 

 distorta,  E.  W. 

 bilineata,  E.  W. 

Ohemnitaia  fulvocincta:  Sbdl 

■  plc»gantis«ima.  E.  W. 

■  ■  indisliucta.  E.  W. 
Odoetomia  eulimuides. 

 insculpta.  E.  W. 

 interstincta.  JB.  W. 

—  tpiraliB,  K  W, 

 dcru^Fata, 

Katioa  momUfera. 
 nmda. 

•  sordid  a 

Velulina  laevigata. 
Hum  erineeeoa. 
Purpura  lapillus. 
Kassa  reticulata, 
•x—  incrassata,  rare. 


Buccinum  nn  datum* 
Pusus  untiauus. 
lalanoicut, 

■  iiropinqnug. 
Tropliun  liarvicenMi. 

■  ■  muricatua* 

 clatbratus. 

Maogelia  tunicola. 

—  Wife. 
— ^  septan  gTilirii, 
— -  linearia. 
nebula. 

 oostata. 

Cypr,i»a  Europi»A. 
UylicLna  cyliudrac«a. 
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Cjlichna  tnincata,  E.  W. 
Amphi^phyra  Hj&lina. 
T<miatei]a'fa9oiate. 

Scanhandcr  lignariufl. 
PhiJine  aperta. 
Apljsia  hjbrid;). 
Pleurofanuichiu  mcmhinniiown. 
■■ —  plumule 
EoUs  papillcNta. 
Tritonia  Homtwrgu. 
Soto  oonmate. 
PIidIm  dactylaa, 

 cri«pata. 

Aplidiom  Mhx. 
BotryUus  polycjclm. 
AM^dia  mentuliL 
■  yii^ginea. 

Crnmia  a^jgregata. 
Eledone  cirrhosus. 
Ilossia  macrotoma. 
Stenorhyncliiu  phalangimn* 
InachuB  Donetteima. 

^  doryndnu. 
Hyas  araneus. 
■  ooarctatua. 

Cajuw  ]i:iji;ru.'^, 
Piluinnus  birlellua. 
Pirimela  denlionlatiL 
CHrcinufl  niffnas. 
Portunua  pubear. 
— —  arcuatua. 

■  —    dep  lira  tor, 

■  holsatus. 

-  puaiUas. 
Pinnotheres  pimun. 
£balia  PennantiL 
Atelecyclua  beterodon. 
Corystea  CaaeiTalannmL 
Pinnr.tlir-rr'^i  pi'^snm 
Eupa^irua  iitrebioDjrx* 

-  Cuanensii. 
Ulidianui. 
flyndnumni. 

 Tliompsonii. 

Poroeliana  longioornia. 
— -  platydielM. 
CMaibea  squainijEbnk 

-  ■  striffofla. 

■  Anorewsii. 


Paiinurm  vulgaris. 
Honumu  Tulgitris. 
Crangon  rulgaru. 

 fasciatuB. 

Bculptua. 

  Allinanni. 

 bibpinosus. 

Hikadlalit. 


Hippolyto  vrtiiani, 
--■  Cranoiui. 
~— ThompaoniL 

 pti«ioIa. 

"    ■  Yarrellii. 
Fnidalus  annulioomii. 

 Ifptorhjnchua. 

Pal«:uion  aerratua. 
— -  -  squilla. 
— — •  varians. 
Athanas  nit«8oena. 
J^yiiina— ■  longicomit. 
Aiionyx  denticulatna, 
AmpeliB<»  typicua. 
VrcAlioe  mannua. 

 ele^ans. 

Iphimedia  obeM* 
—  Eblanae. 
Acanthonottu  tottado. 
pPTfiTnine  fminoaa. 
Oamiuarua  locusta. 
— —  fltmadlia. 

  palmntns. 

 Otliouu. 

 longimanot. 

Amphithoo  nibriotlak 
— —  liUoriniu 
Bodooaras  fiklcMdoMi 

■  —  variegatus. 
Corophium  longioome. 
Cheltira  tcrebnuoa. 
Hyperia  Ghdba. 
Caprt'lla  tubcrctilatfc 
Couiatula  rosacea. 
Ophiura  texUmti, 
— —  alb  i  da. 
Ophiocoma  uegleota. 

 BalliL 

 bellia 

  rosula- 

 minuta. 

UnigtfT  ^litnalia. 
 rubena. 


hispid  t 


ChboUa  oculat*. 


Soloiiter  pai)jx)9a. 
Aaterias  aurautiaoa. 
Echinus  sphiera. 
— —  Miliaiis. 
Echinocjamiis  puftillus, 
Spatancua  purpurcua, 
Almphidotus  oordatiia. 
Oucumaria  fusiformiib 

 Hyndmanni. 

Thyone  papiUoNh 
Synaptn  innmrcni* 
Syriiii  Harvcii. 

 granulosna. 

Sipuneiilii^  TlfTrihardui. 
Priapuiua  uaudaUis. 


Detailed  notes  on  the  species  will  accompany  the  final  HeporU 
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Report  on  the  Ereavations  in  Bum  Den. 
By  the  Rev.  John  Andbrson,  D,D,,  f,G,8, 

Ik  reportinf^  on  the  operations  and  retearelies  in  Dura  Den  daring  the 
•ammer  of  1860t  the  Committee  laid  open  several  large  sections  of  saper« 
inenmbent  boulder  ctay  and  of  the  underlying  vcllow  sandstone,  but  were 
nn«ncccs.srul  in  obtairnng  any  of  Pamphractean  or  Pterichlfn/an  forms 
sought  after.  None  of  the  workmen  engaged  in  the  excavatiojis  in  1837» 
when  these  organisms  were  found  in  great  nuniber»»  were  living  in  the  di- 
atrict;  and  the  Committee,  proceeding  on  the  information  of  othert>  failed  to 
detect  the  |irrcise  fonttUferous  bed  in  question.  Their  kbonrs  brought  them, 
however,  to  a  point  wliich  cannot  be  far  distant  from  these  crustacean  trea- 
sures,  nml  tlirv  are  h  t}»r  ful  that,  on  re*«uming  their  researches,  they  shall  . 
meet  with  the  desired  success.  They  proceeded  to  other  sections  of  the  rock, 
in  the  bottom  of  the  ravine,  and  there  they  were  richly  rewarded  with  an 
abundance  of  the  fossU  remains  of  fishes,  chiefly  of  the  genua  Hohplr/chhu 
and  other  OoBheanths, 

The  yellow  sandstone  deposit,  aa  described  in  the  'Course  of  Creation* 
in  former  papers  of  Dr.  Anderson,  consists  of  an  alternating  series  of  grit^i 
shale?,  marls,  and  (inc-grained  sandstone,  of  various  shades  of  colour.  The 
fossii  iuhes  are  confined  to  one  particular  bed,  which,  wlien  laid  open,  easily 
splits  up,  the  organic  materiaU  determining  the  point  of  separation,  and 
exhibiting  ol^en  oa  a  single  flag  from  fifty  to  a  hundred  closely-packed  and 
well-defined  figures  with  scales,  fins,  and  cranial  plates  quite  entire.  On  the 
present  occasion  your  Committee  were  f^nrronniJed  by  an  intelligent  group  of 
lovers  of  the  science,  m  \\o  nnd  female,  from  Etlinburgh,  St.  Andrews,  Forfar, 
Dundee,  and  Cupar,  and  succeeded,  after  a  few  hours'  labour,  in  displaying  to 
their  eager  gaze  some  of  the  largest  and  most  beautiful  specimens  of  these 
older  denizens  of  our  seas. 

It  will  not  be  necessary  to  describe  in  detail  any  of  the  well-known  forms 
and  characteristics  of  HoloplychiuSy  the  most  abundant  of  the  genera  found  in 
this  deposit.  But  having  submitted  some  of  the  mn«it  perfect  of  the  spe- 
cinit  tis  to  Professor  Huxley,  and  as  he  thereiyy  was  etiaUled  to  detect  some 
new  particulars  connected  with  the  structure  and  ligure  of  the  genus,  it  will 
not  be  deemed  out  of  place  to  give  an  abstract  of  his  tntereatitig  descrip- 
contained  at  length  in  Dr.  Andersons  *  Monograph  of  Dura  Den*.* 

**  In  studying,"  says  Professor  Huxley,  "the  new  forms  of  Devonian  fish 
which  have  been  described,  I  found  it  desirable  to  oht  xin  a  more  definite 
conception  than  was  deducible  from  extant  in  \t(  i  i  lls,  of  ihc  character."*  of 
Holopti/chius.  To  thi:i  end  I  examuiL-d  a  considerable  number  of  specimens 
of  Moloptychim  AndersotUf  contained  partly  in  the  collection  of  the  Britiah 
Museum,  partly  in  tliat  of  the  Museum  of  Practical  Geology,  and  I  have 
arrived  at  the  following  conclusions.  Hohptychius  AndersonihBM  very  nearly 
the  proportions  of  a  carp,  but  its  body  is  tliieker  and  its  snout  is  more  rounded 
from  siili  t  i  si  it'.  The  greatest  deplii  of  the  body  is  in  front  of  its  nueidlc; 
the  length  of  the  whole  body  is  to  that  of  the  head  nearly  as  five  to  one. 
The  orbit  is  nearlj  circular,  about  one'foorth  the  length  or  the  head.  The 
cranial  bones  all  exhibit  a  peculiar  granular  stmctora.  The  two  parietals 
occupy  a  large  extent  of  the  upper  wail  of  the  cranium,  and  have  the  form 
of  pentagons  witli  their  elongated  bases  turned  inwards  and  applied  to  one 
another.  The  occipital  region  is  covered  by  three  bones,  one  median,  and 
two  lateral ;  tiic  lateral  bones  iiaving  radiating  strise  on  the  posterior  lialves 

*  Dura  Deo ;  A  Monograph  of  the  Yellow  Sandstone  and  its  remarkable  Fossil  Remabf. 
By  the  Bev.  1.  Andmoa,  D J>.,  P.Q.S.  BdUabaifh :  ThooMs  CoastaUs  and  Co, 
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or  thi  ir  outer  surface*.  The  operculum  »  a  broad  bone,  larger  bnhind, 
where  it  is  convex,  than  in  fruut,  where  itUcoocavey  and  much  longer  thaa 
it  u  deep. 

The  rami  of  the  lower  jaw  are  atool  and  atrong,  and  fionu  a  very  broad, 
almost  aemicircular  arch.  The  characters  oF  the  aealett  are  well*  known. 
The  fins  are  lobate,  and  the  donal  fin  is  small  and  triangular.    Sir  Philip 

Egerton,  in  a  valuable  memoir  n^pciitly  read  before  tlie  (reological  Socirty, 
expresses  his  belief  that  Hohpti/chius  has  two  dorsal  fins.  I  am  very  loath 
to  controvert  the  opinion  of  to  experienced  uud  skilful  an  observer,  the  more 
partlcidarly  aa  apeeimem  of  Uikoptychius  with  perfect  tails  are  very  rare, 
but  one  or  two  complete  examplet  I  have  seen,  leave  no  room  in  my  mind 
for  any  other  conclusion  than  that  stated  above." 

Numerous  i>errF«ct  specimens  of  thn  remarkable  fish  have  been  obtained 
in  our  recent  cxcavation.s  which  show  the  lobate  character  of  the  fins  as  de- 
scribed by  the  learned  Professor,  as  well  as  the  uniitj  of  the  dorsal  organ. 
Tlie  entire  form  of  the  body  of  Iloloj^ychius  is  likewise  beauuiuliy  deve- 
loped in  some  of  the  specimens,  wliere  the  caudal  end  appears  gradually 
tapering  to  a  point,  and  not  at  all  bent  up  as  represented  in  all  former  dc* 
scriplioiis;  while  the  ventral  lobeof  the  caudal  fin,  though  rather  shorter  than 
the  (lor:«aI  lobe,  has  nearly  the  lame  depth,  and  not  in  the  ordinary  sense 

of  the  heteroerroal  ?tructurp. 

In  the  cuuise  uf  our  explorations  we  also  succeeded  in  obtaining  several 
perfect  specimens  of  two  new  and  hitherto  nndeicribed  genera  of  CcdaeaBtltf^ 

namely,  Ofyptokinms  JStmairdii  and  Phaneropleuron  AndertonL 

The  specific  distinction  of  GlypiolamuM  Kinnairdii  was  proposed  and 
adopted  nt  the  Meeting  of  t!io  London  Geological  Society  in  honour  of 
Lord  Kinii;iird,  wlioj^e  zeal  in  promoting  the  interests  of  geology  is  o?ily 
equalled  by  his  enlightened  endeavours  to  advance  the  interests  of  anything 
connected  with  our  social  and  industrial  well-being  as  a  statesman.  The 
fomie  term  of  GfyfOoittmut  was  suggested  on  account  of  the  marked 
sculpture  of  the  jugular  plates  in  one  of  the  specimens.  As  described  in  the 
**Mono;^^rnjih  "  of  Dura  Dot],  the  scales  and  fins  likewise  form  strongly 
marked  characteristics  of  this  new  jjcnus. 

The  scales  are  rhomi)oidal,  and  have  an  avera*jo  short  diameter  of  one- 
tixth  of  an  inch.  Twenty-lour  series  are  visible,  and  diverge  from  the  me- 
dian line  in  the  ordinary  way  ;  they  are  larger  on  the  anterior  part  of  the 
ventral  surface  than  on  the  posterior  part,  and  at  the  side  of  the  body  than 
on  the  belly.  They  are  pitted  and  ridged  almost  as  in  OfypiopomuSy  although 
somewhat  tldnner  and  less  bony  than  in  that  fish.  There  arc  two  dorsal  fins 
which  are  situated  very  far  back,  the  anterior  e<lL,M  of  the  root  of  the  first 
being  nine  inches  di.^lant  trom  the  end  of  the  snout  lu  one  of  the  specimens  :  it 
is  remarkably  slender,  and  of  a  lemi-oval  outline.  The  second  dorMil  fin  is 
considerably  larger  than  the  fintt,  being  two  ineiies  on  itii  longest  axis,  and 
IIS  breadth  about  an  inch  in  depth.  The  entire  length  of  the  body,  in  several 
of  thespecimofi?,  vr>nf>-i  from  a  foot  and  a  half  to  nearly  two  feet. 

The  other  new  genus  discovered  in  ttie  cour-e  of  our  explor;itioiis  is  the 
Phaneropkuron  Andersom,  and  from  some  very  ifupcrfect  fragments  named 
by  ProfcMor  Agassis  as  a  Glypticust  but  without  describing  or  defining  the 
genus.  The  generic  appellation,  now  bestowed  by  Professor  Huxley,  ex- 
prcMCS  the  most  striking  character  of  the  fish — the  curious  development  and 
obtrusiveness  of  its  ribs,  arising  from  their  complete  ossification  as  well  as 
the  tliiNiie.'-s  (jf  the  scales.  The  alHiiity  iA'  Phnnerojilertron  \vith  tlie  ts  [)icLil 
ccelacanths  is  indicated  not  only  by  us  singular  tad,  but  by  its  per»istent 
notochordi  by  its  lobate  pectoriU  and  veatral  fins,  and  by  its  well-ossified 
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tuperior  and  inferior  vertebral  element*^.  The  scales  remind  one  of  Holo' 
pfi/chivs,  but  aro  inuch  thinner  nn<\  differently  sculpturod.  'I'lic  fni:*  are  more 
nearly  ot  the  structure  of  this  genus  in  theirgeneral  facics,  tiiough  tiiey  ditfer  in 
details.  They  are  lobate  lu  the  lateral  pairs,  a  character  nuw  regarded  by  oue 
6t  our  most  emiaeot  iehthyologic  authorities,  Sir  Philip  Egerton,  as  belonging 
to  the  entire  family  of  Coelamothf,  and  which  Agassiz  has  also  described 
in  his  elaborate  account  of  the  OfyploUpu  of  Ciaihbemiie  io  the  *  Poissooi 
Fo8si!f>.' 

This  l()r:ility.  .^o  richly  stored  with  these  and  other  forms  of  f<»«;s!l  remains, 
has  nosv  contributed  largely  to  our  stock,  of  pal^ontologicai  i^uowledge. 
Should  the  researches  be  continued,  your  Committee  are  sanguine,  not  O&Ij 
in  the  recovery  of  the  long-loat  bed  of  the  disputed  Ptmpkmehn,  but  tike^ 
wile  of  new  genera  and  ru  w  species  still  sealed  up  in  tlic  yellow  f^andstone 
museum  of  Dura  Den*.  Trilobitos  of  a  small  ty))e,  Productfcand  Spirilers, 
are  very  numerous  in  the  car!>oniferoii*'  shales  of  Ladeddie,  which  are  in 
immediate  superposition  and  stretch  along  the  soutliein  opening  of  the  Den. 
About  tiiree  miles  to  the  eastward,  in  the  ironstone  deposits  of  Denbras 
and  Mount  Melville,  large  jaws»  teeth,  bones,  and  scales  of  the  genus 
Mizodtis  are  in  the  greatest  abundance  and  the  most  beautiful  preservation. 
Thus  the  geologist  may  here  study  successively  the  upper  beds  of  the  Old 
Hed  Sandstone,  the  Mountain  Limestone,  Ironstone  shnles,  and  the  Coal-mea- 
sures on  the  most  northern  limits  of  the  Carboniferous  system.  Trap-rocks 
everywhere  penetrate  the  series  of  sedimentary  deposits,  indurating  the  sand- 
stone, fusing  the  limestone,  roasting  the  coal,  and  exhibiting  proofs  of  those 
destructive  agencies  and  deleterious  impregiiations  by  which  the  fishes  of 
Dura  Den  were  suddenly  overtaken,  silted  up,  and  preaerved  in  such  nufli* 
bcrs  and  perfect  forms  in  their  stony  matrix. 


Report  on  the  Experimental  Plots  in  the  Botanical  Gurdcn  of  ihe 
Royal  Agricultural  College,  Cirencester,  By  James  Blckman, 
FJ4.8„F.8.A.yF.G.S.  ^c,  Pro/mwr  ^BoUu^  and  Geoloyy,  Royal 
AgricuUwal  College. 

Im  presenting  our  Report  for  1860,  it  will  be  necessary  to  remark,  that  on 
account  of  the  peculiarities  of  the  season,  partlculariv  its  lateness,  and  the 

fact  of  the  unusual  period  of  the  Oxford  Meeting,  the  Ri^port  before  Ihe 

Section  at  Oxford  was  made  verbally,  permission  having  been  dbtaiued  to 
make  a  more  full  and  written  report  when  the  experiments  had  atfniurd  to 
something  like  completion.  It  was  reporte  d  bcfote  the  Section  that  200 
plots  were  in  operation,  w  hich  were  classihcd  as  follows : — 

Plot*. 


Agricultural  Plants   50 

Medicinal  Plants   SO 

Esculent  Vegetables    20 

Grasses,  old  and  new  plots   60 

Miscellaneous  JPiants  ...«•   40 


Total  200 

Of  these,  at  the  Oxford  Meeting  it  was  reported  that  more  than  half  were 
either  new  seeds  only  just  germinated,  while  for  the  others  they  had  made 
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BO  little  progress,  that  we  almost  despaired  of  any  substantial  results  under 
Buch  untoward  circumstances.  Still,  however^  we  now  offer  remarks  upon 
some  of  tlie  more  Btrikiog  experim^Dti,  which  it  may  be  said  are  bo  far  com* 
plete  up  to  Horember. 

Grasses. 

Sorghum  saccharntffm  {Holctis  sojcchnratus),  Chinese  Snp;nr-canc. — The 
fine  buuimer  of  185^  eiiablcfl  us  to  grow  tiiis  plant  to  a  In  i^^lit  of"  as  much 
as  7  feet,  as.  also  to  perfect  it^  saccharine  matter,  at  leo^t  ai  a  very  high 
degree.  Thiii  sucoeBS,  which  was  pretty  general  all  over  England,  had  caused 
very  flattering  encomiums  to  be  passed  on  the  merits  of  this  plant  for  agrieul- 
tural  purposesy  especially  as  a  green  soiling  food.  The  total  failure,  however, 
of  our  experiments  for  this  season  is  not  only  instructive  as  to  the  great 
diver^ity  of  seasons,  but  should  also  Knicli  us  caution  in  recommending  the 
extensive  adoption  of  any  new  piunt  in  uur  uncertain  climate  from  only  a 
»iogle  year  s  growth.  Our  besi  plants  did  not  aUmn  6  inches,  and  indeed  our 
failure  this  year  was  more  signal  than  our  succeaa  the  previous  one. 

^gilops  oro^a.-— Although  our  specimens  are  fiir  later  in  coming  to  matu* 
rily  than  in  any  former  season,  yet  the  results  are  more  striking  than  we  have 
Ix'forp  ob««Tv«'d.  Even  at  the  time  of  our  writing  (Noveinbcr),  littio  of  our 
crop  for  ibbO  has  ripened;  but  the  spikes  are  longer  tlian  usual,  wiuij»L  tiie 
stulks  (culnis^  are  taller;  and  added  to  this  is  the  important  result  of  a  show 
of  more  and  larger  grain,  of  the  shape  of  the  wheat  grain,  so  that  we  have 
scarcely  a  doubt  left  as  to  this  being  the  parent  of  the  cereal  or  corn  wheaL 
Again,  as  another  evidence  of  the  results  and  effects  of  cultivation,  we  have 
the  crop  of  this  year  affected  ^^  irl:  all  the  epiphytical  fungi  to  which  wheat 
14  liable,  and  the  more  so  the  m  i  l  it  is  manured. 

Gifneriaargentea,  Pampas  Gra:>s. — Our  specimens,  one  of  which  flowered 
most  beautifully  last  year,  are  all  dead,  so  that  however  highly  this  plant 
may  be  recommended  for  naturalization  in  other  parts  of  Eogbtndy  where  the 
climate  is  milder,  we  cannot  think  it  will  ever  be  safe  to  trust  to  it  od  the 
«*  Stony  Cotteswolds." 

Of  British  rJras-(  we  have  to  report  tliat  we  have  had  in  operation  during 
the  preseDt  season  as  umny  as  sixty  plots  ;  several  of  these  are  only  oai  usu^ 
common  English  species,  many  ut  which  arc  condemned  to  be  resown  on 
account  of  their  inevitable  admixture.  Among  the  experiments  of  iBteresly 
we  have  to  report  the  complete  production  of  Pettuea  dathr  from  a  plot  of 
J^.  loliaceot  in  which  the  cliauges  were  as  follows : — 

2nd  year. — Fesluca  loliacca  the  rule,  witli  exceptional  cases  oT  P.pratensis, 

3rd  year. — Fcstnca  pratensts  the  rule,  with  excepUoual  casei  oi  F»  eialior* 

4th  year. — 1'\  elatior  increased. 

5tli  year,  I860* — Fesiuea  daUor  has  complete  poeseBsion. 

Ib  reference  to  this,  it  will  be  remembered  that  we  noted  in  a  former 

Report  the  occurrence  of  F.  elatior  in  Earl  Bathurst's  Park,  which  we  then 
conjectured  had  been  rlcrived  ft  nni  the  «owing  of  the  seed  of  F.  prufenyis. 
This  year  we  have  further  to  remark  that  here  the  clalior  term  is  the  rule, 
and  scarcely  a  vestige  of  the  I\  pratensis  remaius  i  and  very  coarse  and  un- 
sightly it  is  as  a  glade  in  a  park. 

We  have  now  performed  this  experiment  twice  with  the  same  result,  lid 
our  views  seem  confirmed  by  the  accidental  case  just  referred  to ;  we  have 
then  no  doubt  that  the  three  forms  just  adverted  to  are  but  varieties  of  a 
single  species  ;  and  we  have  much  pleasure  in  observing  that  our  views  in 
this  and  other  cases  of  a  like  kind,  dfrivt d  t'loiu  actual  experiment,  and 
reported  upon  to  the  Assuciatiuu  m  ib^7|  bhuiiid  be  cuuiiiiued  by  the 
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Specific  Botiiilst  as  thus:  under  the  head  of  "Meadow  Fescue,  Fesluca 
eiuiior''  bcc  BeiitUanis  *  Handbook  of  the  Britbb  Flora,'  p.ti02,  we  have  tUe 
foiiovviiig  ; — • 

Sj^hBd  MuOow  Ftteue  {P.  toUatm,  Eng.  But  1 1821).  Spikeleti 
almoft  ieatile,  in  a  simple  spike.  Grows  with  the  common  form,  always 
passing  gradually  hito  it. 

"1>.  Common  MeadoiP  ^scue  (F.  prafensisj  Eng.  Dot  t.  1592).  Panisle 
slightly  branched  hut  close.    In  meadows  and  pastures. 

**c.  Tall  Mvadow  Fescue  (F.elatior,  Eng.  Bot.  t.  1593  ;  F.  arundt/iacea, 
Bab.  Man.).  A  taller,  often  rced-like  plant,  with  broader  leaves,  the  panicle 
more  branched  and  spreading.  On  hanks  of  riverfi  and  in  wet  places,  espe- 
cially near  the  sea." 

Now,  though  well  aware  that  these  vi'jws  are  not  generally  shared  by  col- 
lecting botani!:(ts,  we  arc  yearly  more  and  inon'  r^uaded  that  even  greater 
innovations  than  now  contended  for  v.  ill  be  adnur  ted;  and  we  cannot  help 
exptcssaig  pride  and  pleasure  that  ue  should  for  tlic  lust  fuurteeu  yeai^^ 
have  been  conducting  a  series  of  experiments,  many  of  which  practically 
prove  the  truth  of  several  of  the  theoretical  views,  with  regard  to  what  has 
been  termed  the  ** lamping"  of  species,  of  the  author  of  the  Handbook; 
and  we  cannot  here  omit  c\prc?'«in^  our  best  f  lianks  to  the  British  Association 
for  their  assistance  in  jirosecutiug  thr^o  intf  resting  inqiiliies. 

Poa  (^Git/ceria)  a^uitica. — Our  plot  with  this  experiment  still  continues 
to  exhibit  in  its  enHte  space,  toUhoui  the  tlighteU  intermixture^  the  induced 
form  we  have  before  reported  upon,  which  indeed  is  so  different  from  the 
original  grass,  that  at  a  first  glance  most  observers  would  pronounce  itto  be 
large  examples  of  Poa  tririafis;  the  (iifferenccs,  however,  in  all  parts  are  as 
great  between  our  induced  form  and  that  fjrass,  as  exists  on  comparing  the 
induced  form  with  tlic  /^oa  ufjuatica.  There  can  be  no  doubt  that  in 
this  case  the  euilivation  of  the  seetl  oi  a  water  grass  in  an  upland  situation 
has  led  to  great  changes,  not,  as  has  been  supposed,  brought  about  by  cross- 
breeding  or  hybridizing,  but  the  seed  of  the  P,  aquatica  has  at  once  been 
changed  in  the  growth  of  the  plants  that  came  up  from  it ;  and  it  now  remains 
to  «ce  if  the  cliange  be  a  permanent  one,  to  which  end  we  hope  to  be  able 
to  50W  a  plot  of  the  seed  of  the  induced  prass  next  spr!n<; ;  but  in  the  mean- 
time it  may  be  well  to  remark,  that  although  it  has  Inquently  seeded,  yet 
that  the  bed  is  still  free  both  from  innovations  from  seedlings  of  its  own  kind, 
as  also  from  those  of  other  species. 

Poa  (Giyceria)  fluUavs, — At  the  same  time  that  the  plot  was  sown  with 
the  seed  of  P.  (upindra,  another  plot  was  occupied  with  seeds  of  the  Poa 
JIuiians;  and  we  should  remark  that  in  bothcase:^  the  seeds  were  drilled,  and 
the  drills  remain  intact  to  the  present  hour.  Now  the  result  is,  that  both 
plots  were  indistinguishable  at  tlie  first  time  of  flowering,  and  have  so  re* 
roained  to  the  present  hour ;  and  with  reference  to  the  last  form,  it  may  be 
well  to  point  out  that,  having  been  favoured  by  Messrs.  Sutton  of  Reading 
with  specimens  of  the  collection  of  grasses  which  they  keep  in  cultivation,  a 
bundle  marked  Gft/ceria  fftiifans"  is  identical  with  our  induced  forms  from 
both  P.  afjuulicu  and  P.Jiuitans. 

Poa  a<^ualica  •AWii  P.Jluitans, — We  offer  no  explanation  of  these  ;  beiug 
well  acquaiutef  1  with  these  two  species,  we  can  truly  say  that  onr  induced  form 
is  widely  different ;  nor  is  it  at  all  identical  with  any  other  British  species.  It 
is,  however,  still  a  matter  of  regret  that  we  have  not  been  able  to  procure 
ripe  seed  of  these  species  from  the  district,  as,  so  far  as  we  can  discover,  none 
of  the  P,  aquafica  at  least  has  i  ipened  in  the  district.  It  may  be  well  to 
mention,  that  even  ihia  bliyue:^  in  the  ripening  oi  the  »eed  of  this  now  so 


Digitized  by  GoogI 


ON  THE  GROWTH  OF  PLANTS. 


emphatically  a  traier  grass,  is  not  witiiout  value  as  ailutdiiig  something  like 
evidence  that  tlite  species  is  perhaps  after  all  out  or  place,  and  this  may 
point  to  the  fact  that  our  induced  fonu  is  the  riglit  une ;  at  ail  evcDls»  it  quite 
del  ermines  the  Tact  that  the  name  Gfyema  is  ioapplicablei  as  it  is  a  decided 
Poa  in  cultivation* 

Crop  Pj^akts. 

PatH$mea  mHvOt  Par^nip^ — Our  ennobled  examples  of  these  were  eon* 
sidered  so  perfect,  that  it  was  thooglit  advisable  to  consign  the  whole  of  the 

8ee(I  of  18^  to  the  Messrs.  Sutton  of  Heading,  as  new  varieties  of  any  eul- 

tivatr(!  crop  plunt  i<5  nhvny-'  drsirablc,  and  moro  pspceially  whru,  as  in  the 
present  case,  the  new  form  has  been  diroctly  derived,  not  from  a  variety,  but 
from  the  original  wild  stoek.  In  lefcrcnce  to  the  continued  success  ui  tliis 
experiment  Mr.  Sutton  reports  in  a  letter  of  October  17th  of  this  year  as 
follows : — 

**  The  Student  Parsnip  in  our  trial  ground  is  the  nicest  shape  of  any,  more 
free  from  fibres,  and  as  large  as  the  '  hollow  crown/  which  is  a  good  medium 
size.    The  flavour  seems  to  be  very  nice." 

This  i<«  the  more  important,  as  of  late  this  iiseful  garden  esculent  has  much 
fallen  into  disuse,  its  want  of  flavour  being  the  assigned  cause. 

We  mnst  not  omit  to  remark,  that  one  of  the  most  malformed  specimens 
of  parsnipi  and  also  a  highly  digitated  Swedish  Turnip^  were  set  aside  for 
seeding,  with  a  view  to  sowing  next  spring  in  the  same  kind  of  plots,  as  there 
seems  reaTin  fo  expect  that  sucli  degenerate  fon!!?  eon!d  nrdy  bcgft  f\ 
degenerate  progeny:  with  a  view  tlien  to  ascertain  how  far  this  dofienerai  y, 
or  otherwise,  may  proceed,  \vc  fir»t  took  eoreful  portraits  of  the  seeded  roots, 
the  seed  of  which  is  now  put  by  for  experiment. 

BrasHea  oferaoeo.— Having  gathered  some  seeds  of  this  wild  cabbage 
from  Llandudno,  N.  Wales,  in  August  1859,  we  sowed  it  in  the  summer  of 
the  present  year  in  our  private  garden,  from  whenrn  we  removed  some  plants 
for  a  plot  in  onr  College  garden.  These,  and  our  own  examples,  are  already 
highly  curious,  as  showing  the  tendency  to  run  into  so  many  of  the  cabbage 
varieties,  e.g.  long  pitioles;  the  types  known  as  "kuie,  greens,"  &c.,  both 
with  broad,  more  or  less  undivided  leaves,  and  with  a  tendency  to  deep  lobes 
and  divisions.  Othen  with  short  petiolesi  offer  the  true  cabbage  type ;  while 
these  even  now  show  tendencies  for  the  production  of  sfirts,  as  flat  heads, 
sngar-loaf  green,  red,  and  white  varieties.  These  of  course  are  what  one 
would  expt  ( t,  hut        it  is  curious  to  mark  its  progress. 

In  speaking  of  the  JJrassica  family,  we  cannot  help  expressing  our  convic- 
tion of  the  Justice  of  including  the  genus  Smtgnt  with  Brattica ;  for  just  as 
our  experiments  incline  us  to  the  opinion  that  all  our  so-called  species  of 
this  genus  are  after  all  only  derivatives,  so  we  believe  that  the  Charlock 
Sinapisarrtnsts,  L.  is  a!«?o  an  agrarian  form  of  Brassica.  Upon  this,  however, 
we  want  the  experiments  of  a  lifetimp;  still  these  would  be  replete  with 
interest,  and  more  e:'pecially  as  we  find  cabbage,  rape,  turnips,  radishes, 
and  mustard  almost  wholly  attendant  upon  cultivation,  and  that  not  onl^ 
with  ust,  but  in  every  variation  of  climate.  How  wild  the  thickets  of  Simgnt 
miffra,  some  6  feet  high,  look  on  the  banks  of  the  Ohiol  and  yet  we  have  the 
authority  of  Beck  in  favour  of  its  introduction  from  Europe;  and  so  we  have 
evidence  of  the  crops  in  India  bring  smothered  with  wild  rapes,  which  our 
experiments  show  are  principally  buibkss  varieties  of  the  turnip. 

Mangel  Wurzel. — The  inquiry  connected  with  the  growth  of  this  crop 
Is  one  which  may  be  coni>idered  of  interest  in  a  physiolc^ical  as  well  as  an, 
■grienltttiml  point  of  view,  and  hence  we  ^ive  its  results  in  this  place, 
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It  I3  tolerably  well  known  that  this  valuable  crop  ^ns  introduced  into 
cultivation  with  the  hope  thnt  it  would  yield  a  valuable  sup})ly  of  food  in  the 
shape  of  leaves,  whilst  at  the  fame  time  it  was  supposed  to  be  capable 
fully  developing  its  growth  of  roots,  the  leaves  Uien  beiog  employed  for 
summer  and  autumn  food,  whilst  the  roots  were  to  be  stored  for  winter  use ; 
however,  we  were  early  struck  with  the  fact,  that  lising  the  leaves  to  any 
extent,  would  prejudic  e  the  crop  of  the  roots,  and  v,  c  thcTrfore  twice  before 
tlip  !  t^t  year  instituted  rxju  titnents  upou  this  matter  with  a  result  that  uiay 
be  generally  stated  as  tollous. 

The  Mangel  Wurzel,  stripped  of  its  outer  leaves  from  two  to  three  times 
duHog  their  period  of  growth,  do  not  produce  half  toeight  of  root  of  those 
left  itUaet. 

And  herein  we  thought  that  we  had  established  the  law,  that  as  long  as  a 
leaf  of  Mangel  was  siiffieicntly  sound  to  be  u^<'(:A  as  food  for  any  animal,  so 
long  was  it  of  u;«e  in  aiding  the  j)roj)cr  devrlupiutuL  of  the  plant;  but  tlii^ 
statement  has  been  controverted  by  lite  result  of  ^onie  experiments  made  at 
the  Albert  Agricultural  Model  Farm,  Irelaud,  where  it  is  stated  that  the 
result  of  talcing  the  enormous  quantity  of  5  ions  of  kavet  from  the  acre  of  a 
growing  Man^  erop^  was  to  increase  the  weight  of  roots  at  the  rate  of  nearly 
5^  tons.  Now,  under  these  rtrcumstances  we  determined  upon  repeating  the 
experiment'^  upotj  a  larger  variety  of  Mangels  this  year. 

\»t.  A  set  ol  experiiueuU'i  made  with  nine  sorts  of  Mangel  Wurzel  planted 
with  burnt  ashes,  duly  thinned  and  tended  as  usual ;  the  plots  bciug  2^ 
yards  square. 

2nd.  Nine  plots  of  the  same  sorts  transplanted. 

The  outer  leavQs  of  all  these  plots  were  taken  off  on  the  two  following 
date^,  September  4-  and  September  21. 

On  the  12th  of  November  the  whole  crops  topped  and  tailed,  consisting  of 
twenty-four  roots  to  each  bed,  half  of  whicti  had  been  stripped  of  their  outer 
leaves ;  thus  twelve  roots  each,  stripped  and  unstripped,  gave  the  following 
fcsults  forbotli  the  unlransplanted  and  the  transplanted  plots: — 


UnCrsnsplsnted  Ploti* 

Transpknted  Plots.  | 

Ntmea. 

i  Entice, 

> 

Entire. 

lbs.  oz. 

lbs.  07.. 

lbs.  oz. 

lbs.  o/u 

810 

5-  1 

1 

UIO 

9-  0 

%>  ^ 

13-  0 

614 

3.  llcd  Globe   

8-  2 

612 

i, 

IV  4 

7"  3 

1113 

7-  6 

i 

12-  i 

5-  C 

5.  New  Olive-shaped  Yellow  Globe 

lG-13 

12-  3 

1114 

710 

9*  5 

S12  I 

I 

10*  s 

5'  9 

19-  0 

9-11 

1510 

i      11-  I 

0 

7-  8 

12*11 

7-  %  1 

16-15 

V9 

15-13 

$•11 

lUlO 

63- » 

121-  4  1      63  -6  ^ 

Here  tlicn  we  take  thcs<'  results  from  so  many  sorts  as  conclusive  evidence 
upon  this  ^)oint,  only  remarking  that,  in  all  probability,  had  the  scvisuo  bem 
one  of  an  ordinary  kiQ4,  the  Uwcrcpaucy  would  have  bccu  even  greater, 
this  year  the  tendency  of  growth  has  been  in  fiivQur  of  leaf  developmenL 

The  sapie  expcriiucnts  were  triedwith  Kohl  Rabbi,  aodwiththe  jikercsults ; 
and  it  should  be  mentioned,  ^yith  rtgard  to  all  of  thtui,  that  the  eecd  w^f 
obtaine4  (i-QQi  Vbg  M^r^.  Su4t«U4  c^f  Ke%4iu^  ^nd  ib^t  i|  wtts  trui^  t^  m^ 
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It  8  not  a  little  remarkable  that  in  both  the  Mangel  and  Kohl  Rabhi  the 

results  have  bf  eii  greater  in  the  transplanted  than  in  the  untransplanted  plots, 
the  fonuer  yif Ming  a  larger  crop;  this  too  has  probably  been  favourfd  by 
the  moist  sciisun,  but  a<?  it  is  a  subject  of  great  farming  intereati  we  shall 
renew  our  expenmeiits  ujiou  tins  matter. 

DiptaeuifulUmum  et  sylvettrif^Ow  plot  of  this  year  fully  confirmed  our 
view  of  last  year,  as  to  the  specific  identity  of  these  two  forms  of  this  plant; 
for  without  being  able  to  assert  that  we  had  decided  Z>.  fullonum  from  the 
seedsof  D.  sj/lvestris,  or  the  opposite,  yet  the  pporimcTi^  j^liffed  so  imperceptibly 
into  cither  form,  that,  distinct  as  are  decided  exami  lr^  we  were  much  puzsled 
io  deciding  as  to  the  paternity  of  some  of  our  spcciiiicus. 

To  quote  from  English  Boteny,  2nd  edition :  "  Hudson  mentions  this  plant 
as  growing  ahont  hedges.  In  the  clothing  countries,  where  it  is  cultivated 
for  use,  It  may  escape  from  the  fields.  There  is  much  doubt  concerning  the 
value  of      specific  difference  from  the  D.  si/lrcstris" 

Bentham  is  of  the  same  opinion,  so  that  our  experiments  in  this  only  lay 
claim  to  a  simple  and  practical  method  of  confirming  these  views.  Our 
notion  at  the  same  time  is  that  it  would  be  exceedingly  difficult  to  find  a 
wild  eiample  of  the  true  D*/kilimum ;  that  is,  one  which  from  its  hard  re- 
fiexed  bracts  would  be  worth  anything  for  fulling  purposes.  We  have  hunted 
loriu;  iti  the  districts  where  the  economic  form  of  the  Teasel  is  growti,  and  we 
have  always  been  of  opinion  that  where  its  seed  has  been  scattered  and  allowed 
logrow  wild,  it  lost  its  stiff  hooked  characters  ;  and,  to  say  the  lea?5t,  even  the 
best  of  them  merged  into  D,  s^ivestris ;  the  Jullonuia  being  indeed  a  dilhcult 
plant  to  keep  perfect,  unless  under  constant  change  of  seed  aad  aefl* 


Weeds,  <jic. 

Thistles  have  formed  the  subject  of  several  experiments  during  the  past 
year,  which  will  be  referred  to  Under  the  following  names:— -Coit^Mit 
arvensis,  C  acauUs,  vars.,  C*  iuberosus, 

Carduus  arvenaii.^-Onr  experiments  upon  the  growth  of  this  plant  were 
undertaken  in  order  to  explain  their  method  of  reproduction,  as  it  had  been 
disputed  by  the  farmer  that  thistles  were  produced  from  seed. 

On  September  2nd,  IS.jD,  were  sown  ten  seeds  whioli  had  been  cnlleeted 
a  few  days  previously  ;  by  the  21st  of  the  month  these  had  all  come  uji,  and 
some  began  to  show  the  secondary  leaves,  as  in  Diacram,  fig.  1.  By  the  lime 
the  prickly  foliage  became  manifest,  the  cold  weather  had  set  in  and  all  the 
plants  apparently  died.  However,  in  February  I860  we  noticed  a  bud  just 
emeiginjs  through  the  soil*  which  induced  us  to  take  up  a  couple  of  thespeei- 
mens  and  make  drawings  of  them,  of  which  copies  will  be  seen  at  2a  and  2  b. 

Here  then  at  a  and  b  are  buds  by  which  the  continuance  of  the  plant  is 
secured,  the  buds  a,  b  forming  whiit^t  b,  b  are  sending  up  leaves  for  the  second 
year,  so  that  by  June  the  plants  had  advanced  to  the  condition  of  fig.  3,  in 
vbicl^  while  a  strong  shoot  is  progressing  above  ground,  a  most  extmordloary. 
rhtaumation  is  talking  place  below  (in.  fully  explaining  bow  in  the  next 
season  we  may  meet  witn  a  thicket  of  Thistles  derived  from  a  single  plant. 

(k:rc  then  it  is  obvions  that  the  eonclusions  with  respect  t«>  the  Thistle  not 
seeding,  were  the  re^^ult  of  the  small  and  ineorispieuous  plant  which  it  makes 
tb/S  first  year,  £Mid  this  appar^tUlu  dying,  confirmed  this  view  ;  however,  we 
see  frem  this  experiment  that  thistle  seed  is  as  fecundate  as  that  of  othev 
plants^  a«d  as  we  hi^ve  counted  as  many  as  150  seeds  from  a  single  head  of 
flowers,  and  as  we  may  have  ao  average  of  ten  heads  of  flowers  to  a  single 
flowering  ateo^  the  eight  tertiary  buds  at      3  a,  a  may  each  represent  a 
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flowering  head  in  the  following  season,  which  would  thus  give  us  the  following 
ittin  as  the  seeding  capabtlltiea  of  a  single  Thistle  plant,  nameljr — 

150  X  lOx  8  =  1200a 

These  figures  then  will  account  for  the  *'  Plague  of  Thistles  "  which  one 
sometimes  hears  of,  and  points  out  most  fcncibly  the  importance  of  not 
alioNs  ini;  tlicse  plants  to  perfect  their  seed,  and  hence  waste  places  ami 
neglected  waysides  should  carefully  be  watched  iu  this  respect ;  but  as  this 
cannot  adequately  be  done  wtthont  compulsoiy  enactments,  it  is  interesting 
to  And  that  some  of  onr  colonies  have  already  institute  d  state  laws  with 
reference  to  this  subject,  and  during  the  last  Session  of  Parliament  an  attempt 
was  made  to  get  an  act  applicable  for  this  object  for  Ireland.  T!)e  destroying 
of  such  thickets  of  Thistles  as  we  have  dc^cribeci  has  ever  been  an  object  of 
interest  with  the  farmer ;  and  it  is  uut  a  little  curious  to  remariv  tiiat  the 
opeiatioos  connected  therewith  hare  so  much  been  regulated  by  rhyming 
direetioosi  aa  foUowi 

**  Thistles  mt  in  April, 
Come  up  in  s  little  while  i 
If  in  May, 

Tltev  grow  ths  n«rt  day; 

If  in  June, 

They  'II  grow  again  lOon  i 
If  in  July, 
They'll  liardlydiej 
If  in  August, 
Die  the^  nntt" 

These  words*  uncouth  as  they  are,  are  still  meant  to  express  some  important 
facts  in  the  natural  history  of  the  plant.  It  may  be  observed  tliat,  with  the 
preparation  we  have  described  of  underground  buds,  there  can  he  no  wonder 
at  the  quick  reappearance  of  the  plant  on  early  cutting  ;  at  the  same  time, 
if  we  consider  that  the  whole  of  the  abovcground  parts  of  the  plants 
would  naturally  die  at  the  first  approach  of  cold,  we  may  conclude  that  the 
decree  of 

"  If  cut  in  August, 

Die  they  must " 

is  more  apparent  tiiau  real.  1  ur  wlulc  the  tertiary  buds  are  advancing  to 
flower,  they  are  also  active  in  providing  a  still  newer  growth  of  rhizomata  and 
buds  to  perpetuate  the  continuance  of  the  plant;  and  hence  we  have  no  heal* 
lation  in  saying  that  never  can  this  thistle  be  destroyed  by  late  cutting  off  ita 

abovcprontid  stems.  However,  even  at  this  time  much  goo«l  may  be  done 
in  krepln^'^  tiowi.  the  reproduction  of  the  plant;  lor  by  the  August  mowing 
seeding  is  prevented,  though  even  for  this  object  we  should  prefer  an  earlier 
cnttitig,  as  one  head  of  flowers  usually  ripens  at  a  time,  and  not  all  at  once. 

Caritnti  aeaulU. — ^We  last  year  reported  ufion  our  experiments  with  the 
true  acaullne  form  and  the  slightly  cauline  examples  of  this  species ;  we  have 
now  to  remark  that  the  ncauline  cxanijdes  mnintaiti  their  normal  condition, 
whil  t  t?ie  cauline  ones,  from  being  only  about  .'5  inches  hi?h  when  selected 
for  tlie  experiment,  have  this  year  advanc<*d  to  a  complete  tliieket  of  stems 
nearly  a  yard  high,  some  of  which  have  a^  many  as  a  dozen  heads  of  flowers, 
and  is  a  very  showy  and  handsome  plant. 

CarduHs  tuberosus. — The  specimens  originally  discovered  by  us  at  Ave* 
bury  Druidical  Circle  have  now  advanced  to  immense  masses,  both  as  regarda 
their  summer  development  of  t^owf-rs  and  their  tubemus  rootstocks  ;  the 
tiowers  are  above  3  feet  high,  much  branched  and  very  showy,  very  different 
from  the  single,  or  at  most  two-headed  flower-stems  of  the  ♦  English  Flora/ 
pi.  256%  which,  however,  is  a  faithful  representation  of  the  plant  we  trana- 
ported  to  our  garden.  The  tobeis  with  us  are  as  lai^ge  as  those  of  I^hliaa* 
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We  shuuld  remark  that  this  year  we  have  a  number  of  seedling  plants  which 
have  come  up  wildly  in  different  parts  of  our  experimental  gardent  which  we 
ahall  be  eurious  to  know  if  the}-  become  like  their  parent^.  With  ua  it  teeda 
so  enormously,  that  it  can  hardly  fail  to  be  a  matter  of  interest  as  to  how  thin 
plant,  originally  noticed  as  from  Great  Hidge  between  Boyton  Hou«o  nwd 
Fonthill,  VVilt,<,  should  have  been  for  so  many  years  lost  to  our  tiorn,  whilst  its 
present  natural  liabitat  uu  ariiticial  earthworks,  though  truly  ancient  enough^ 
woskl  aeem  to  point  to  its  having  been  introduced  to  its  present  locality. 


Diagram  Stowing  iht.  mode  of  Growth  qf  Carduus  arvcnsis. 


|rd  nat  die. 


Fig.  1.  Sfrrlling  of  the  first  yeir. 

Fig.  2.  a  is.  L.  The  position  of  the  sccilling  plants  io  fpriiiff  sending  up  secondary  budt&,4. 
Fig.  3.  Ttic  secondary  shoot  advanced  to  a  large  plant,  wmis  cberhizoino  extends  and  ter- 
tiary buds  a, «  ere  prepared  for  the  foUowing  year, 

Beotham,  in  bia  description  of  the  position  of  this  plant,  has  the  following 
remarks : — 

"  In  moist,  rich  meadows,  and  marshy,  open  woods,  in  weatem  and  iouth* 
central  Europe,  extending  eastwards  to  Transylvania." 

Its  position  at  Avebury  is  so  very  different  from  this,  tlint  we  cannot  for- 
bear to  describe  it.  Avebury  Circles  (of  stones)  are  placed  on  an  elevated 
plain  of  chalk,  around  which  are  elevated  mounds  or  earthworks,  the  whole 
aonoundcd  by  a  broad  deep  vallam»  which  ia  at  all  tines  perfectly  dry,  and  it 
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ia  on  the  driest  aiul  most  rxposod  part  of  the  nvjund^  tJnt  the  plant  occurs. 
Its  change  from  such  u  poor  position  to  our  gaul*  u,  ul  ]!  li  tlmu^'h  (uily  nn- 
manured  forest  marble-clayi  U  ^'ct  moist  and  slid*,  will  Uuubiicss  accouiu  lur 
Its  wonderful  growth. 

Chueuta  epuimtM.^Oar  last  year's  report  on  experiments  in  the  growth 
of  this  Dodder  e\(  itcd  so  much  attention,  that  we  determined  upon  following 
out  some  additiorml  ones  in  the  present  season,  to  which  end  we  sowed  twM 
plots  with  tiax-seed,  as  follows: — 

Plot  1 .  Flax-sml perfectly  pure. — The  result  %va8  a  very  fine  crop,  per- 
fectly clean. 

Plot  S.  Dirfy  Flax'seed  mth  some  weeds  of  Cuseuta  epilinum  tM^rmumf. — 
This  was  scarcely  half  a  cropi  and  the  fine  specimens  of  Dodder  bearing 
down  the  partial  cropi  is  at  once  an  evidence  of  the  mischief  this  parasite 
can  do  to  the  crop  in  question,  a?<  al'?o  of  the  ])iTr('Pt  with  which  we  can 
grow  it ;  so  also  how  easy  to  prevent  its  presence  \u,  |he  tlax-crop  if  we  take 
car«  to  sow  pure  seed. 

As  regards  the  Clover  Dodder,  though  thi^  pest  is  yearly  becoming  more 
and  more  prevaltnt,  yet  this  seaiton  has  been  especially  bad  for  ripening  its 
seed,  and  we  are  stili  in  want  of  seed  for  special  experiments  npon  it 

Seeds  of  Orolmnrhe  minor  liave  been  collectrd  this  year  with  a  view  to  a 
series  of  exporimpnts  tipon  it,  as  the  Broonirape,  like  the  Dodder,  is  yearly 
becoming  mure  au<i  more  troublesome;  and  it  would  stem  that  Clovf>rs  arc 
liable  to  attacks  from  both  fo^ms  ol'  the  parasite,  and  in  all  probability  of 
more  than  a  single  species  of  either;  for,  as  rpgaicb  Broomiape^  we  have  col- 
lected the  two  forms  O.  minor  md  0>  ehHer  from  different  Clover  crops ;  we 
still  want  to  kno^  whether  the  Cktteuta  emrepma  a|Ml  C  JVifbiii  areapeci^c- 
allj  distinct. 

Myosoiis. — We  last  year  reporteii  upon  some  curious  ehanges  wrought  in 
the  cultivation  of  M.  sylvatica^  in  which  we  gave  it  as  an  opinion  that  the 
Mnpahuirh  of  liiilh^'im  subject  to  great  variationis  giving  rise  to  ann«|al 
as  wdl  as  parennisJ  forms,  the  former  introducii^  us  to  the  M.  syilvatiea  and 
others,  as  offsprings  o(  M,  palustris.  Our  present  stock  still  bears  out  this 
view,  a=;  wo  have  as  derivatives  from  l/T.  tiylvcUica  a  still  decreasing  iioweredl 
form  and  anuual  and  perennial  conduions  of  our  varietie-». 

This  year  we  introduced  into  the  garden  the  very  bright  bl^e  Forget-nte- 
90^  of  our  ditches ;  this  in  cnltivation  (the  same  plant)  has  beconie  the  small 
flowered  light  blue  form  which  we  take  to  be  the  AT.  repau  of  Dpn,  as  de- 
scribed by  Mr.  Babington. 

While  npoQ  this  subject  we  must  not  oniTt  to  lufnition  that,  having  been 
favoured  with  a  packet  of  socd  from  the  einiin  nt  tinu  ot  J.  Carter  and  Co.  of 
Holborn,  under  the  name  ol  Muosoiis  azurea  major,  we  were  much  iuU^r- 
ested  in  observing  what  kind  of  Wddiug  phmt  it  n'ugiit  make,  particularly  as 
in  the  Seed  Catalogue  for  February  i860  we  find  the  following  ranuMfka 
appended  to  the  A^^oseifs species: — 

"  Forget-me-noL  Thc«!o  beautiful  flowers  are  too  well  known  to  need 
recommendation:  will  i:ro\v  around  fountainr^,  over  damp  rockeries,  or  in  any 
moist  situation.    JUT.  azorica  and  azurea  niajor  are  the  finest." 

Of  course,  from  this  announcement  we  expected  something  rather. choice; 
but  our  disappointment  may  be  guessed  when  we  found  the  result  to  be  a 
very  poor  small  light-coloured  variety  M,pahistris, 

Now,  we  arc  far  from  blaming  the  Messrs.  Carter  for  this,  as  it  will  at  once 
be  seen  that  (liis  was  an  induced  form,  and  no  one  can  at  all  answer  for  its 
permanency  ;  and  it  may  be  that  our  position  or  some  new  cireunijitanees  of 
cultivation  induced  the  change  from  an  expected  liue  iiuwei  to  a  very  insig- 
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pificant  one.  Still  this  affords  another  curious  instanoe  oftbe  effects  of  cul- 
tivation upon  tliis  genu5,  \Yhicli  seem  to  trll  us  that  \vg  must  not  be  too  pott- 
live  in  the  specific  di^tijictioos  adopteii  by  authors  for  these  plants. 

The  effects  of  the  season  of  1860  have  been  remarkable  In  several  particu- 
lars ;  we  would,  however,  only  refer  to  a  few  plants  under  experiment* 

jjioscorm  BcUataSt  Putato  Yam. — Smaller  tlinu  ever ;  cannot  be  at  all  de- 
pended upon,  evon  to  make  its  seed  in  the  Cotfcswold  district. 

The  Cabbage  sadly  cut  up  with  us,  but  the  Brussels  Sprout  was  fouud 
to  be  the  most  iiardy  of  any  kind. 

Gynaia  argeiUeeu — Killed  entirely,  both  in  the  College  and  Q^r  own 
private  sardeo. 

Sorffkum  uediaraivm, — Scarcely  attained  6  ioehee  in  height  against?  feet 

of  the  previous  year. 

Zea  Mays, — Indian  corn  not  2  fi-ct  high,  and  died  as  »ooo  as  flowcrcii* 
Roots  of  all  kinds  sniuiier  thuii  usual. 
Potatoes  small  in  quantity  and  much  diseased. 

Fruits  have  not  attained  their  usual  siae,  have  not  ripeuedr  and  are 
flavourlees. 

Forest  trees  have  made  little  wood,  and  tlu  ir  new  shoots  are  not  ripened* 
Garden  floweri;  made  little  growth,  shabby  both  in  leaves  aud  dowen* 
Plants  perfected  for  lesi;  seed  than  usual. 
Cirencester,  N'oYcmber,  )ti60. 


Report  ^  the  CommtUe  requetied  to  report  to  the  Meeting  at 
Oxford  a»  to  the  Scientific  Obfecte  to  be  sought  for  by  continuing 
ike  BaUo(m  Ascent  a  feenmerly  undertaken  to  great  Altitudee/^  Bf 
the  Hev.  Robert  Walkbr^  M,A.,  FM.S,^  Reader  in  JBxperimenial 
PkUoiophy  in  the  Unimruty  ^  O^wi, 

Ik  presenting  their  lUport,  tha  CiMniiiiltee  wnuld  obsaiva  at  the  oylset  that 
the  maiD  ottfoot  for  which  the  former  Coumiltee  (iu  IttJS)  was  appointed 

feuAaina  yet  uuacQompUshcd  ;  and  this  is  the  verificjitioD  of  ttiat  remarkable 
TC^ult  derived  from  the  obs<'rvntM>n«»  aft  Mr.  Welsh  iu  his  four  ascents  in 
\ii,Ti%  viz.  the  ftudden  arvf>t  oi  ilu-  <t»'C!('aHt>  in  the  tetuperature  of  the 
atmosphere  at  au  elevat^ou  varyiug  uu  Uiticieut  days,  uad  this  to  such  an 
e^tcAt,  llMtl  for  thie  spaca  of  or 9000  leet  the  temptfmiure  itniaias  acarlj 
QOBStiiat  oje  e^en  i«creas«s  to  a  amaU  aiuoiml,*'  It  is  obviously  important  to 
de^tma  whctther  tlm  arrest  fepiesentA  the  normal  condition  of  the  atmo- 
sphere at  all  seasons  of  the  year.  Tho  -Accents  of  Mr.  Welsh  were  made 
between  the  \7th  of  August  and  the  il)th  of  November.  The  question 
Fcuiaies,  whether  ihh  ^*  arrest  "  wouM  be  obs^erved  betWu  the  summer  solstice 
a^  weU  a^  after,  aud  whether  there  were  aii]f  variatsoBs  at  different  seasons. 
Tkfi  ehangea  in  lh0  tempemtme  of  the  devr-potnt,  eonaequeBl  upon  this  in- 
terruptiou  in  MiQ  khv  of  decceaie  of  temperature,  would  exlcad  our  know- 
lei\ge  of  the  condition  of  the  atruospherc  at  sucIj  altitudes.  To  accomplish 
^lus  much  would  not  re(juire  ascents  to  vnry  great  altitudes,  although  there 
arc  many  objects  tu  be  attained  by  a^^ceiidiiig  a^^  high  as  possible.  The 
liberal  otier^  that  have  been  made  by  Mr.  Coxweli  and  Mr.  Laugley,  of  New* 
Oftstke^  vewld  eu^bW  Qbservatteiu  to  be  nrnde  at  a  very  moderate  eostt  and 
I^ang^  appeaca  futty  compoteat  to  accomplish  the  task.  There  are 
afao  wukj  olber'obseriatltaBa  vhieh  may  bo  mado  ks  baUooB  ascenta  which 
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may  prove  of  very  great  valiie.  Frot  W.  Thomieii  H  anxious  that  obser- 
vations should  be  made  on  the  elect  Heal  condition  of  the  atmosplicro.  He 
has  described  in  the  article  on  the  Electricity  of  the  Atmosphere  in  Nichols 
•Cyclopadin,'  a  portable  tMcctromctcr,  and  also  a  mode  (>r  collecting  electricity 
by  that  which  he  styles  the  \vnt(  r-(lr()p|)ii)ij;  fjyriteui,  which  woidfl,  in  his 
opioion,  be  easily  applicable.  TJie  obstrvations  might  be  carried  on,  first, 
by  a«cendin^  to  very  moderate  heights,  and  then  going  as  high  as  possible. 
Dr.  Lloyd  desires  that  observations  should  be  made  for  **  the  determinatioa 
of  the  decrease  of  the  earth's  magnetic  force  with  the  distance  from  the  sur- 
face." TIjc  fnilure  of  Gay-Liis:>ar  to  detect  any  sensible  clKinn-e  ought  not 
to  deter  future  observers.  His  methods  were  wholly  inadcqnaic  ;  hwt  Dr. 
Lioyd  is  of  opinion  that  if  altciitiou  be  confined  to  the  determination  ol  the 
total  force  or  its  vertical  component  (instead  of  the  horizontal),  it  would  be 
easy  to  arrive  at  satisfactory  conclusions.  Sir  David  Brewster  suggests  that 
further  information  may  be  obtained  as  to  the  polarization  of  the  atmosphere 
and  the  height  of  the  noutrn!  point.  And,  lastly,  Dr.  Edward  Smith  ant! 
Prof.  Sharpey  nre  desirous  that  experiments  should  be  made  as  to  *' the 
quantitative  determinatiou  of  the  products  of  respiration  nt  different  high 
elevations."  Dr.  Smith  has,  as  it  is  well  tcnown,  been  for  the  last  two  or 
three  years  engaged  in  experimental  inquiries  on  inspiration,  and  he  is  so 
satisfied  of  the  value  and  importance  of  the  investigation,  that  he  is  not  only 
willing,  but  desirous  to  make  the  requisite  experiments  himself.  Dr.  Smith 
has  furnished  directions  as  to  the  points  to  bo  observed  nod  the  mode  of  ob- 
servation* 


Jitport  of  Committee  a}ypointed  to  prepare  a  Seff^Becordiag  Jtino^ 
spheric  Electrom  eter  for  Kew,  and  Portable  Apparatus  for  observing 
Aima^heric  MUclricity.   By  Professor  W.  Thomson,  F,R^, 

Your  Committee,  acting  according  to  your  instructions,  applied  to  the  Royal 
Society  (or  £100  out  of  the  Government  grant  for  scientific  investigation,  to 
be  applied  to  the  above-mentioned  objects.  This  application  was  acceded 
to,  and  the  construction  of  the  apparatus  wasproceede<l  wit!i.  The  progress 
was  neces?»arilv  slow,  in  consequence  of  the  numerous  t  \|i<ji  inu  nts  required 
to  find  convenient  plans  for  the  diO'oient  instruments  and  arrangements  to 
be  made.  An  Improved  portable  electrometer  was  first  completed,  and  is 
now  in  a  form  which  it  is  confidently  hoped  will  be  found  convenient  for 
general  use  by  travellers,  and  for  electrical  observation  from  balloons.  A 
house  electrometer,  on  a  similar  plan,  but  of  greater  sensibility  and  nccuracy, 
was  also  constructed.  Three  instruments  ot  this  kind  have  been  ir,;ult%  ono. 
of  which  (iropertect,  but  sufficiently  ronvenienl  and  exact  for  ordinary  work) 
is  now  in  constant  use  for  atmospheric  obscivation  in  the  laboratory  of  the 
Natural  Philosophy  Class  in  the  University  of  Glasgow.  The  two  others  are 
considerably  improved,  atid  promise  great  ease,  accuracy,  and  sensibility 
for  atmospheric  olmppvation,  and  for  a  large  variety  of  electrometric  re- 
searches. Many  trials  of  the  water-dropping  collector,  described  at  the  last 
Meeting  of  the  Association,  were  also  made,  and  convenient  practical  forms 
of  the  different  parts  of  the  apparatus  have  been  planned  and  executed.  A 
reflecting  electrometer  ^was  last  completed,  in  a  working  form,  and,  along 
with  a  water-dropping  collector  and  one  oT  the  improved  common  house 
electrometers,  waa  deposited  at  Kew  on  the  19th  of  May.  A  piece  of  elocl(« 
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work,  supplied  by  the  Kew  CoinnHttee»  completes  the  apparatus  required 

for  crtablishing  the  self-rcroidin^'  (<vsteni,  with  the  exrepriori  of  the  merely 
photogiapliie  part.  It  is  hoped  liiat  this  will  be  onij  leted,  under  the 
directiua  ot  Mr.  Stewart,  and  the  observations  of  atmospheric  electricity  com- 
menced, io  little  more  than  a  month  from  the  present  time.  In  the  mean 
time  preparations  for  observing  the  solar  eclipse,  and  the  construction  of 
magnetic  instruments  for  the  Dutch  Government,  necessarily  occupy  the  staff 
of  the  Observatory,  to  the  exclusion  of  other  umlertakii)gs.  It  is  intended 
that  tljc  rematning  one  of  the  onlinarv  house  electiuuieters,  with  a  water- 
dropping  collector,  and  the  portabh:  electrometer  referred  to  above,  will  be 
used  during  the  summer  months  fur  observation  of  atmospheric  electricity  ia 
the  Island  of  Arrao.  Your  Committee  were  desirous  of  supplying  portable 
apparatus  to  Prof.  Everett,  of  Windsor,  Nova  Scotia,  and  to  Mr.  Sandiman, 
of  the  Colonial  Observatory  of  Deiuerara,  for  the  observation  of  atmospheric 
electricity  in  those  localities;  but  it  is  not  known  whether  the  money  which 
has  been  granted  wiil  suffice,  after  the  expenses  yet  to  be  incurred  in  (Esta- 
blishing the  apparatus  at  Kew  shall  have  been  defrayed,  in  euueiusiuii,  it  is 
recommended  to  you  for  your  consideration  by  your  Committeey  whether 
yon  will  not  immediately  take  steps  to  secure  careful  and  extensive  obser- 
vations in  this  most  important  and  hitherto  imperfectly  investigated  branch 
of  meteorological  science.  For  this  purpose  it  is  suggested, — I.  that,  if 
possible,  funds  should  be  provided  to  supply  competent  observers  in  diflerent 
parts  of  the  world  with  the  apparatus  necessary  ior  making  precise  and  com- 
parable observations  in  absolute  measure;  and  2.  that  before  the  con- 
dnsion  of  the  present  summer  a  commencement  of  electrical  observation 
from  balloons  should  be  made. 


Expenmenta  to  determine  the  Effect  of  Vibratory  Action  and  long^ 
continued  Changes  of  Load   upon  Wrouyfit'iron  Girders*  By 

Amowost  engineers  opinions  are  still  much  divided  upon  the  question,  whe- 
ther the  continuous  changes  of  load  which  many  wrought-iron  constructions 

undergo,  has  any  permanent  effect  upon  their  ultimate  powers  of  resistance; 
that  is,  whether  a  beam  or  other  construction  subjected  to  n  perpetual  change 
of  load,  would  suffer  such  an  alteration  in  the  structure  ot  Uw.  iron  or  the 
tenacity  of  the  joints,  that  it  would  in  time  break  with  a  much  less  force  thait 
its  original  brealctng  weight  But  few  facts  are  known,  and  few  experiments 
have  been  made  bearing  on  the  solution  of  this  question.  We  know  that  in 
tome  cases  wrought  iron  subjected  to  continuous  vibration  assumes  a  crystal- 
line structure,  and  is  then  deteriorated  in  it-^  rolKsive  powers;  but  we  are  yet 
wry  Ignorant  of  the  causes  of  this  cbaoge,  and  of  the  precise  conditions 
under  which  it  occurs. 

A  few  experiments  were  made  by  the  Commission  appointed  to  inquire 
Into  the  application  of  iron  to  railway  structures,  to  ascertain  the  effect  of 
changes  of  load  upon  homogeneous  bars  of  wrought  and  cast  iron.  They 
found  with  cast  iron  that  tio  bar  would  stand  4-000  impacts,  bending;  them 
through  one-hsUf  of  their  ultimate  detlectioo,  but  that  sound  ban  would 
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cufUiir  at  least  4000  impacts,  bending  them  through  one-third  of  their  ulti- 
mate statical  deflection.  Tliey  ascertained  also,  that  when  the  load  vas 
placed  upon  the  bars  without  impact,  if  the  deflection  did  nut  exceed  one- 
third  of  the  ultimate  deflection,  the  bar  was  not  wealcened  ;  but  that  if  the 

dffleotion  amounted  to  one-half  the  ultimate  deflection,  the  bars  were  broken 
with  not  more  than  900  changes  of  load.  With  wrought  iron  bans  they 
found  no  perceptible  efTectfrom  10,000  changes  of  load,  wbeii  the  deflections 
were  produced  by  a  weight  equal  to  half  the  statical  breaking  weight. 
'  These  experiments  are  interesting  so  far  as  they  go,  but  they  are  very  In- 
complete as  regards  wrotiglit  iron.  For  wrought-irnn  bars  they  were  not 
continued  long  enough,  nor  do  thoy  apply  to  these  larger  constructions  in 
which  the  homogeneous  bur  in  replaced  by  riveted  plate?.  The  influence 
of  change  of  load  on  riveted  constructions  possesses  a  special  importance, 
from  its  bearing  on  the  question  of  the  proper  proportion  of  strength  in 
plate  And  tubular  bridges.  Do  these  constructions  gradually  become  weak- 
ened  from  the  continual  passage  of  trains?  and  is  it  requisite  to  make  allow- 
ance for  such  a  dettrioration  by  increased  sectional  area  of  matrri:il  in  their 
original  construction  ?  These  questions  I  have  sought  to  solve  by  the  fol- 
lowing experiments. 

As  the  load  Is  brought  upon  bridges  in  a  gradual  manner,  the  apparatus 
is  designed  to  imitate  as  far  as  possible  this  condition.  A  riveted  beam  is 
llied  on  brickwork  supports,  20  feet  apart.  Beneath  this  is  ])laced  a  lever 
gm«ping  the  lower  web  of  the  beam,  mid  fastened  upon  a  pivot  at  the  ful- 
crum. At  the  other  extremity  it  carries  the  ?cale  and  weights.  This  lever 
is  lifted  clear  of  the  beam,  and  again  lowered  upon  it  by  nicans  of  a  connect* 
ing  rod  attached  to  one  of  the  arms  of  a  spur- wheel  placed  at  a  considerable 
distance  overhead.  In  this  way  any  required  part  of  the  breaking  weight 
can  be  lifted  off  and  replaced  upon  the  beam  alleinately  by  the  revolution  of 
the  spur-wheel.  The  apparatus  is  worked  night  and  day  by  a  water-wheel» 
and  the  number  of  changes  of  load  is  registered  by  a  counter. 

The  girder  subjected  to  vibration  in  these  ox])eriTnent»  is  a  plate  girder  of 
20  feet  clear  span,  and  of  the  following  dimensioii:^ 

Sq.  III. 

Area  of  top :  1  plate,  4  in.  x  |  in   ^  OO 

„       2  angle-irons,  2x2x  A   230 

 4-30 

Area  of  bottom :  1  plate,  4  in.  x  |  in  » . .    1  *00 

„  2  angle-irons,  8  X  SXf^  ji  1*4 

 2-40 

Wem  plate  15ix|   1*90 

Total  sectional  area    S*60 

Depth   16  in. 

Weight  ,   7cwt.  9qH. 

Breaking  weight  (calculated)   12  tons. 

i  hi:^  btaui  having  been  loaded  with  6<i43  Ibs.,  equivalent  to  oue-fourth  of 

the  ultimate  breaking  weight,  the  experiment  eommenoed* 
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Table  I. — Expeiiment  on  Wrought-iion  Ream  with  a  changing  load 
equivak-ut  to  one-lourth  ot  the  breaking  weight. 


Dfttc 

1 

Number  of 

'  DeffeeUon 

1860. 

chiiiges  of  load. 

produced  fqr  load. 

March 

21 

0 

0-17 

w 

22 

10^40 

0*18 

f» 

23 

15,610 

016 

n 

24 

27,840 

•f 

26 

46,100 

016 

i> 

27 

57,700 

017 

ft 

28 

72,440 

017 

M 

29 

88,900 

0*17 

It 

30 

97,480 

0'17 

tt 

31 

112,B10 

0-17 

April 

2 

144,U0 

0*16 

ft 

4 

165.Y10 

0*18 

»t 

7 

202,890 

0-17 

$t 

10 

235,811 

017 

» 

13 

208,328 

017 

»» 

14 

2H1  ,?10 

017 

tt 

17 

017 

*9 

20 

3J3,8B0 

0-17 

It 

25 

390.430 

0-17 

U 

27 

408,264 
417,940 

016 

f* 

Majr 

88 

016 

1 

449,280 

016 

It 

3 

468.600 

0-16 

It 

6 

489,769 

0'16 

It 

7 

512.181 

01 6 

f» 

9 

536,3&& 

016 

ti 
tt 

11 

860,529 

0*16 

H 

896,790 

016 

Remarks. 


r  Strap  loose  and  Ming  ifi  lift 
t   the  ^eigbt 


Stffip  Iiroken. 


As  tiic  beam  had  uow  undergooe  above  \mU  a  million  ciiauges  vt'  load, 
ibot  hf  it  had  worked  continuoiuly  for  two  montba,  night  and  day»  at  the 
rate  of  about  eight  ehifoget  per  minute,  and  as  it  had  andergoae  no  ▼biMe 
alteration,  the  load  was  increased  from  one- fourth  to  two-sevenths  of  the 
statical  breaking  weight,  and  the  experiment  proceeded  with  till  the  naniber' 
of  ciianges  of  ioad  reached  a  millioQ. 

Tablb  II*— Experiment  on  fhr-  <=nnin  Brr\m  with  n  load  equivalent  to  two* 
sevenths  of  the  breaking  weight,  or  nearly  3^  tons. 


Date, 

Number  of 

Deflection 

1860. 

duuiS'^  ^  lead* 

hifaiehes. 

May  14 

0 

0-28 

lo  tbia  Table  the  number  of 

m  15 

12,623 

0-22 

ehnges  of  load  m  eooatad 

t.  17 

36,417 

0-22 

from  0,  although  the  beam  had 

„  19 

53,770 

0-21 

already  undergone  596,790 

22 

85.820 

0-22 

changes,  as  shown  in  the  |veo 

,t  26 

128,300 

0*22 

eediaglUkle. 

„  29 

161,500 

0-22 

1.  31 

i7;,ooo 

0-22 

Jnae  4 

1 'J  1,500 

021 

»  7 

21 7,300 

0-21 

It  9 

236,4  6U 
264>220 

0-21 

H  12 

0-21 

H  1« 

232,600 

0*22 

H  26 

403,210 

0-23 

The  beam  bad  now  suffered  a 

BdUioa  chaagea  olload* 
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Table  Hi, — Experiment  on  the  sauie  Beam  with  a  load  equivaieut  to 

two-fiflLhs  of  the  breaking  weigiit. 


Date, 
I860. 

NoBiber  of 
chaagea  of  load. 

Deflection 
in  incbei. 

Remarks.  ' 

June  27 
n  SB 

0 

5175 

0*35 

mmm 

The  beam  broke  alter  5175  changes  with  a  load  equivalent  to  two-fifths  of 
the  breaLiug  weight,  althou>:h  with  les:«er  weights  it  had  appeared  uninjured. 


Summary  of  KeauUs. 


Ratio  of  load 
to  breakiDg 
weight. 

Number  of 
changes  with 
each  load. 

Total  number 

of  changes  of 

indiet. 

Remarki. 

L 

n. 
m. 

1:40 
1:3-4 
1:2-5 

596,790 
4a3,210 
5,175 

596,790 
1,000,000 
1,005,176 

017 
0-22 
0-36 

Broke. 

Since  these  experiments  were  made  tlio  beam  has  been  repaired,  and  hats 
made  1,5(X),000  additional  changes  with  ;i  load  equivalent  to  one-foui  tli  of  the 
breaking  weight  without  giving  way.  It  wouid  appear,  therefore,  that  with  a 
load  of  this  magnitude  the  structure  undergoes  no  deterioration  in  its  molecular 
itnietone ;  and  provided  a  aafficient margin  of  ttreogth  is  given,  say  froni  five 
to  six  times  the  working  load,  there  is  every  reason  to  believe,  from  the  re«ults 
of  the  above  experiments,  that  girders  composed  of  good  material  and  of 
eoond  workmanship  are  irnlestructible  so  far  as  regards  mere  vibratory  action. 

As  the  experiments  on  this  important  subject  arc  still  in  progress,  we  hope 
to  bring  the  subject  more  in  detail  before  the  Association  at  its  next  Meeting. 


A  Catalogue  qf  Meteorites  and  Fireballs,  from  a.o.  2  to  A»1im  1860. 

By  K.  P.  Grbo,  Eiq.,  F.G.8. 

1.  This  Catalngue  is  intended  partly  as  a  sequel  to  the  Reports  on  Lumi- 
nous iMeteors,  now  continued  for  a  series  of  years  in  the  volumes  of  the  British 
Association  Reports,  and  partly  as  a  continuation,  in  a  corrected  and  extrnded 
form,  of  a  Catalogue  of  Meteorites  published  by  the  author,  in  two  papers 
on  the  tame  subject,  in  the  Numbers  of  the  Philosophical  Magazine  and 
Journal  of  Science  for  November  and  December  1854^ 

2.  The  following  works  and  periodicals  have  been  consulted,  viz. — Thom- 
son's Meteorology,  IHVJ;  Trnnsaclioni  of  the  Royal  Society;  Nicholson's 
Journal  of  Natural  Philosophy;  Thomson's  Annal/ of  Philosophy  :  London, 
Ldin burgh,  and  Dublin  Philosophical  Magazine;  l^rt  water's  iCncyclopiedia, 
article  "Meteorite;"  Annual  Register ;  Journal  ot  the  Asiatic  Society  of 
Bengal;  British  Association  Reports;  Proceedings  of  the  Royal  Irish 
Academy:  Spurgeon's  AnniUs  of  Electricity  ;  New  Edinburgh  Pliilosopliical 
Journal ;  Partsch's,  ShepardV,  and  Reichenbach's  Catalogues  of  Meteorites; 
R.  Wolfs,  CHIfitlni's,  Boguslawski's,  Quetelet's,  Baumhauor's,  and  Coulvier- 
(jravier's  Catalogues  ;  Dr.  Clark's  Thesis  on  Iron  M(  t(  oi  ic  Ma<;scs  ;  Poggen- 
dorlT's  Annalen;  Aituales  de  Cbimieetde  Physique;  Comptes  Kendus;  Trans- 
actions of  the  Imperial  Academy  of  Arts  and  Sciences  of  Tienna,  1859-60, 
papers  by  W.  Haidinger ;  Transactions  of  the  Royal  Academy  of  Brussela  $ 
Quarterly  Journals  of  the  Natural  History  Society  of  Zurich,  1856 ;  Die 
Feaennetaore  insbesoodere  die  Meteoiiteni  Ac,  voa  Dr.  Otto  Baebiicr  of 
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Giessen,  1859 ;  Lithologia  meteorica  del  Pi-ufesor  Joaqain  Balcells,  Barce- 
lona, 1854- ;  Report  on  Meteorites,  by  Prof.  Shepaid  ;  Itoports  of  the  Smith- 
sonian Institution,  United  States;  Sillimans  American  Journal;  as  well  as 
various  private  notices  and  public  jotirnals.  I  have  likewise  to  acknowledge 
the  kind  assistance  and  valuable  information  received  Irutu  lieir  T.  A.  ivesst^I- 
meyer.  Dr.  Baehoer*  Heir  W.  von  Haidiuger,  and  Professor  Heis. 

3.  The  few  abbreviations  used  in  this  Catalogue  speak  for  themselves,  and 
hardly  need  explanatioD*  Where  weights  of  meteorites  are  stated,  it  is  gene* 
rally  intended  to  denominate  lbs.  Troy,  English,  thonijh  sometimes  the  Vienna 
or  Prussian  pound  hn<  unavoidably  been  given.  Tables  of  analysis  are  added 
at  the  eud  of  the  eataiugues».  Genuine  cases  of  stoue-  ur  iron-falls  and  de« 
tooating  meteors,  are  marked  with  an  asterisk  (*),  and  in  the  Tables  count 
Ibr  1 ;  doubtful  cases  are  marked  in  the  Catalogue  with  a  (?)» and  eoa&t  as  ^ 
in  the  Tables. 

The  numbers  in  some  of  the  Tables,  it  will  be  found,  do  not  quite  agree 
with  tho"«e  in  the  c<)rr('>j|> xuling  Tables  given  in  the  Report  on  Luminou.s 
Meteors,  in  the  Vuiumc  oi  the  British  A^ociation  lieporU>  for  I860,  owing 
to  the  circumstance  that  when  that  Ueport  was  presented  at  the  Oxford  Meet- 
ing the  present  Catalogue  was  not  then  quite  completed. 

4.  A  few  remarks  are  added  to  the  Tables,  which  do  not  call  for  much 
comment  in  this  place,  a.«  they  have  mostly  already  been  alluded  to  in  the 
aforesaid  Keport.  With  ref:ard  to  the  November  period  for  shooting  stars, 
E.  C.  Herrick,  (»f  the  United  StaUs,  cunsuiers  it  to  be  advancing  into  the 
year;  in  a.d.  1202,  it  occurred  about  the  26th  October;  in  1366  on  October 
SOth ;  io  tbat  the  motion  of  the  node  of  the  aone  or  ring  which  famishes 
these  shooting  stars,  is  at  the  rate  uf  3  or  4  days  a  century  ;  the  period  itself 
being  a  recurrent  one  probably  of  about  SS  years.  (See  SilUman*s  Journaly 
No.  91,  p.  137,  for  January  1861.) 

5.  In  the  Catalogue  itself  ^reat  care  leis  ht  en  taken  in  sejinrating  the  dif- 
ferent kinds  of  fireballs  and  aerolites;  iiilherto  this  has  not  been  done  with 
sufficient  care,  and  large  meteors  have  not  nnfrequently  been  called  aerolttie^ 
when  not  even  any  detonation  has  been  reported ;  examples  of  this  not 
unfrequently  occur  in  the  catalogues  of  Baunihauer,  Kamtz,  and  Arago. 
Dr.  Buchner  of  Giessen,  and  P.  A.  Kesse'.meyer  of  Frnnkfort-on-Maine,  will, 
I  understand,  shortly  bring  out  cataloi^ues  of  aerolitic  falls,  nhere  details 
in  matters  concerning  original  authorities  and  geographical  distribution,  &c. 
will  be  given  very  rally. 

In  the  Tables  at  the  end  of  this  Catalogue,  Chus  A  iocludes  only  cases 
where  Htones  or  irons  have  really  fallen ;  Class  Bt  meteors  accompanied  by 
detonation:  Cla-'s  C,  fir-it-class  meteors  no^  accompanied  by  detonation  ;  this 
class  includes  all  fii*.  balls  given  in  the  catalogues  up  to  the  year  1820;  after 
tbat  time,  only  tlie  most  remarkable  ones,  ns  in  consequence  of  the  subsequent 
greatly  increased  number  of  observations  from  about  that  time,  it  is  evident 
the  described  fireballs  would  probably  be  of  sniaU«*r  sixe  than  for  oliler  ob« 
servattons;  Class  D  includes  all  iireballs  mentioned  in  the  catalogues  and 
supplements,  large  or  small,  where  no  detonation  was  reported,  and  of  course 
includes  the  C  cla«s.  The  Tables  are  so  constructed,  that  a  glance  will  suffice 
to  sliow  the  results  as  rfH^ards  numbei's  and  dates,  and  the  proportion  which 
one  eiass  bears  to  another ;  some  of  them  will  be  found  to  be  not  witliout 
some  interest. 

Ate— Wherever  the  words  Stone-fall**  or  «Irou*faU"  occur,  it  mav  be 
understood,  as  a  rule,  that  such  phenomenon  was  also  accompanied  by  a 
detonating  firehaU»  or  at  leasi  by  a  detonation. 

1860.  a 
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REMARKS. 

1.  While  there  appear  to  be  eight  yearly  mammum  and  awntMaiai  aiirelitio 
periods  for  the  years  geoerally,  there  are  likewiie  some  indieatiODi  of  othar 

periods  for  some  of  the  months  taken  separately. 

Some  months  may  have  major  or  loui^or  periods  of  ma.rimum.  as  Novem- 
ber, which  porhaps  has  one  of  about  70  years  (thouj;h  for  the  sporadic 
showefiS  aecurdiug  to  lierrick,  oue  of  Sii  years,  in  which  chaq  tho  uumbers 
ofehootiog  stars  iSiould  now  be  again  00  the  inoreaie,  to  ai  to  ealainaia  in 
1866).  January  has  also  probably  a  lone  or  irregular  period*  as  regatda 
classes  A  and  B.  Of  late  yean  the  Dunibers  for  Deeember  and  January 
have  evitiently  been  on  thr^  increase,  and  especially  as  regards  the  former 
mouth,  and  this  ns  1  r>-u  ds  all  classes  :  and  the  eiglith  to  the  seven ti  t  rith  duys 
appears  to  embrace  a  time  favourai>ie  to  a  considerable  increase  over  the 
ayerage  for  the  month.   Tables  I.,  II.,  III.,  and  IV. 

The  proportionate  nombers  of  eaoh  class  appear  to  have  varied  al  dif* 
ferent  times  for  the  different  months.    Table  VIII. 

3.  Tiiere  appear  to  be  aerolilic  and  moteor  epochs  both  distinct  fn)m  and 
common  to  each  other.  A  proxinntc  attempt  has  been  nrndc  to  show  some 
of  the^e  in  Table  V.;  }>erluips  ^ume  ot  these  are  more  apparent  than  real; 
but  the  subject  is  worth  consideration. 

4.  While  the  aSrolittc  class,  A  and  B>  in  it»  total  Is  nnder  the  average  for 
August,  which  b  the  principal  and  most  oonitant month  for  an  abandmaof 
sporadic  meteors,  it  is  over  the  average  for  November,  likewise  a  month 
no»erl  for  an  abundint  display  of  meteors  and  shootinf^  <tTr>s ;  and  while  there 
is*  un  increase  ovt  r  tin;  average  of  detonatiiif;^  meteors  (tht)ugh  nut  of  recorded 
Suxie-falls),  from  the  9lh  to  the  13th  of  November,  1. «.  precisely  during  the 
molar  periodical  appearance,  it  it  not  a  little  singular  that  the  AugQila4b#» 
lit&  period,  if  it  may  be  so  called,  preoedes  by  several  days  the  asaal  period 
of  greatest  abundance  of  the  shooting  stars  ;  one  bcin<^  AHgiisl4  to  7$  both 
inclusive,  and  the  other  August  9  to  V2.    See  Tablf  llf. 

5.  The  decided  preponderance  of  acrolitic  j)lienomena,  alluded  to  in  the 
Report  a^  occurring  in  the  afternoon,  as  compared  with  the  lureuuon,  will 
be  se«n  clearly  given  in  Table  IX* 

6*  As  regards  the  observed  direction  of  a^'rolitio  and  ftvrt-elasa  meteorSy 
there  would  seem  not  to  be  any  very  great  tendency  one  way  or  the  other ; 
it  would  liave  been  natural  to  have  expected  a  mticli  more  decided  leaning  to 
a  Wfcsterly  direction.  The  sudden  chancre  from  i'asicrlv  direction  ia  Sep- 
tember and  October  (about  the  time  of  the  autumnal  equinox j,  to  a  Westerly 
direcu'on  in  November,  is  remarkable,  and  calls  for  especial  notice* 

7«  The  considerable  Increase  of  ai^rolitic  falls  and  meteors  for  the  moDths 
of  June  and  July  over  those  of  December  and  January  has  been  prevloosly 
alluded  to  in  the  Report  itself'.  Tluit  more  <letonating  meteors  in  proportion 
to  J^tone-falis  should  be  reeor.iefl  during  the  winter  months  than  during  the 
summer  months,  is  precisely  wtiat  might  have  been  expected, and  the  reverse 
holds  equally  good.    Tables  VI.  and  VII. 

8.  Taking  the  entire  year,  there  Is  a  much  greater  tendency  towards  equality 
of  distribution  in  the  acrolitic  class  than  is  the  case  with  sporadic  shooting  stars 
and  the  smaller  meteors ;  indeed,  were  it  not  for  the  excess  in  November  (an 
excess  common  to  every  cla«s  apparently),  the  numbers  of  the  former  (Aand 
B)  would  be  about  equal  for  the  first  as  tor  the  second  half  of  the  year. 
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CORRIGENDA  ET  ADDENDA. 

?«fre      line  22  fmm  top :  ^  *'  1&96  **  rvwl  1&9S.*. 

Papp  f>(>.  line  18  from  top  :  fw    Sartlie  "  rfad  Sartlie. 

Page  62,  Jb04.  Apr.  15.  Geneva,  fireball  a  tddt ».  to  n.  ;  a^o,  fi)Uowe4  bv  t  train  of  •mailer 
bdlt. 

Page  64,  line  18  from  top  :  for  "  Aug.  TO  '*  rem}  early  |ivt  of  Aug. 

Page  C4,  line  12  from  bottom  :  /or  "  Iron>fall "  read  Stone>ftlL 

Page  65,  line  7  fiom  bottom  i  flrel»all  at  Giittingen ;  odU,  folUmed  bj  manjamaUer  htllt. 

Pagff  67,  top  line :  for  "  1819.  Jfoiw  13.  Jodim"  re«f  and  «iU,  1819.»  Jnne  13.  Jomae^ 

Chareate,  &c  &e. 
Page  70,  line  5  from  top  t  Gflrtits }  fireball ;  add  acrolitic  ?. 
Page  71,  line  11  from  bottom  :  replace  the  («)  before  May  12,  by  a  (?). 
Page  71,  line  12  from  bottom :  imert  the  (*)  before  May  19.  Bkatciiiioaloffi 
Page  72,  line  6  from  top :  read  February  27  or  February  16. 
P«ge  72,  line  11  from  bottom  of  Notes :  for  **  Summer  co."  rtad  SlilBMr  00* 
Page  73,  line  3  fro  n  top  :  add  Vouille  near  "  Poitiers." 
Page  74,  luie  21  from  top:yctr  "Okaniuak  "  read  Ukauiuali. 
Page  82,  line  6  from  top  :  fbr  "Nuremberg  "  rrad  Nurenberg. 
Page  92,  after  line    frfmi  top :  intert,  Apr.  12.  Hrrne.  Fireball. 
Page  94,  line  10  from  top  :  for  "  Colurab  "  read  Columbus. 

P«ge  96,  after  line  16  from'bottom :  imcri  I860.*  Febw  2.  A]MNiidila,PiediiMmt.  A  itOM- 
lall.  AIM  omtttcd  in  the  Tablet* 


Beport  on  (he  Theory  of  Numbers. — Part  II.    By  H.  J.  Stephen 
Smith,  M.A.,  F.R,S,,  SaviUan  Prq/e$8or  qf  Geometry,  Oa^wd. 

S9.  BuidvetoJ  the  Higher  Powers,  Bmtarches  of  Jacdbu — The  pritKiftles 
nhich  have  sufficpfJ  for  the  df  termination  of  the  laws  of  reciprocity  affVcling 
quadratic,  cubic,  biquadratic,  and  scxtic  residues,  nre  Hnsnd  to  be  inadetjuato 
when  we  come  to  residues  of  the  5tli,  7th,  or  higher  powers.  This  was  early 
observed  by  Jacobi,  when,  after  hit  investigations  of  tlie  cubic  and  biqua« 
dratic  theorems,  he  turned  his  attention  to  residues  of  the  5tb,  8tb,  and  ISth 
powers*.  It  was  evident,  from  a  comparison  of  the  cubic  and  biquadratie 
theories,  that  in  the  investigation  of  the  laws  of  reeiprocily  the  ordinary 
prime  luuiibers  of  arithmetic  mu«t  be  replaced  by  certain  factors  of  tho.se 
prime  numbers  composed  ui  roots  of  unity ;  and  Jacobi,  in  the  note  just  re- 
ferred to,  bu  indicated  very  clearly  the  nature  of  those  factors  in  the  case 
of  the  5th,  8th,  and  12th  powers  respectively.  He  ascertaiaed  that  the  two 
complex  factors  composed  of  5th  roots  of  unity  into  which  every  prime 
number  of  the  form  5«  +  l  is  resoluble  by  virtue  of  Theorem  IV.  of  art.  30 
of  this  Report,  are  not  prime  numbers,  i.  c.  are  each  capable  of  decomposi- 
tion into  the  product  of  two  hiniilar  complex  numbers;  so  that  every  (real) 
prime  number  of  the  form  5ft H-1  is  to  be  regarded  as  the  product  offow 
conjugate  complex  factors ;  and  these  factors  are  precisely  the  complex  primes 
which  we  have  to  consider  in  the  theory  of  quintic  residues,  in  the  place  of 
the  real  primes  they  divide.  To  this  we  may  add  that  primrs  of  the  forms 
5n  +  2  continue  primes  in  the  complex  theory;  while  tho^eoi  the  form  5lt — 1 
resolve  thenistlvei  into  two  complex  prime  factors.  Thus 

7=7;    ll=(2+a)(2+a')(2+a'X2-faO';  13=13; 
19=(4-S(«+aOX*-^(*"+«'))*  29=(5-(«+a*)X5-(«''+«'»; 

*  See  a  note  communicated  bf  liim  to  the  Derlin  Academy  un  May  16,  1899,  in  the 
'>Innatsberichte*  for  that  year,  or  in  Cnllc,  vol.  tit.  p.  314,  or  LioiivIHe,  vol.  viii.  p.  268, 
m  which,  however,  he  implica  that  be  had  not  as  yet  obtained  a  dctioitive  result;  nor  does 
he  seem  at  any  subsequent  period  to  have  succeeded  in  completing  this  iavestigalisB* 
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where  ce  is  an  imaginary  .5th  root  of  unit)'.  Plrecisely  similar  remaiks  iippty 
to  the  theorif*  of  rtsidues  of  8tli  and  Itiih  power.-*, — rr:il  primes  of  the  loniis 
8«4-l,  12«-f-l,  rcJ«olvini;j  thrm^elve.-*  into  four  ra<*iors  compo-ed  ofsth  and 
roots  ot  iiiiiry  respectively.  Hy  con-iili  laiions  siiiiilur  to  tlu>se  pre- 
viously eniployid  by  him  in  the  case  of  bir|uudnitie  and  cubic  rettidurs, 
Jacobi  suceeetlfd  iii  d«*moiuitratiiig  (ihoi  gh  b«  has  nut  enonciatrd^  the  fitr- 
muiaB  of  reciprocity  affecting  xUoae  powers  for  the  particular  case  in  which 
one  of  the  two  primes  rompait  d  is  a  real  nnnibcr.  But  it  would  srein  that 
he  never  obtained  the  law  of  rtciprocity  for  tlie  general  case  of  any  two 
complex  priute^i;  and  ludecd,  for  a  reason  which  will  afterwards  appear,  it 
was  hardly  possible  that  he  should  do  so,  so  long  as  be  confined  bimaelf  to 
tbe  coBtideration  of  those  complex  numbers  which  present  themselves  in  the 
theory  of  the  division  of  the  circle.  No  less  unsuccessful  were  the  efforts  of 
Eisenstein  to  obtain  the  formulae  rclatinir  to  8th  powers,  by  an  extension  of 
the  elliptical  propertie5  employed  by  him  in  his  later  proofs  of  the  biqua- 
dratic theorem  *.  it  docs  not  appear  that  any  subsequent  writer  has  occu- 
pied himself  with  these  special  theories ;  whiles  on  the  other  hand,  the  theory 
of  complex  onmbers  composed  with  rooto  of  unity  of  which  the  exponent  is 
any  prime,  has  been  the  subject  of  an  important  series  of  investigations  by 
MM.  Dirichiet  and  Kummer,  and  has  led  the  latter  eminent  matliematician 
to  the  discovery  and  demonstration  of  the  law  of  reciprocity,  which  holds  lor 
ail  powers  of  which  the  exponent  is  a  prime  number  not  included  in  a  cer- 
tain exceptional  class. 

40«  NtcutUif  far  ike  I/iirodueiien  if  Ideal  iVsinef.— Tlie  fundamental  pro- 
positkm  of  ordinary  arithmetic,  that  if  two  numbers  have  each  of  them  no 
common  divisor  wi»1i  n  third  number,  their  product  has  no  common  divisor 
with  that  third  Tjiinil)er,  is,  as  we  have  «ee?i,  applicable  to  complex  riuin- 
bers  formed  wiih  bid  ur  4th  roots  of  unity,  because  it  is  demonstrable  tiiat 
Euclidls  theory  of  the  greatest  common  divisor  is  applicable  in  each  of  those 
CMC**  With  complex  numbers  of  higher  orders  this  is  no  longer  the  case ; 
and  it  is  accordingly  found  that  the  arithmetical  consequences  of  Euclid's 
proees",  nliich  are  of  po  mueh  importance  in  the  simpler  cases,  cease  to  exist 
in  the  general  theory.  In  particular,  the  elementary  theorem,  that  a  number 
can  be  decomposed  into  prime  factors  in  one  way  only,  ceases  to  exist  for 
complex  numbers  composed  of  SSrd  f  or  higher  roots  of  unity — if,  at  least 
(in  tbe  case  of  complex  as  of  real  numbers),  we  undei%tand  by  a  prime  fac- 
tor, a  factor  which  cannot  itself  be  decomposed  into  simpler  factors  X.  It 
appears,  therefore,  that  in  the  higher  complex  theorif^.  a  number  is  not 
necessarily  a  prime  number  simply  because  it  cannot  be  rest)ivrd  into  com- 
plex iacLor.s.  But  by  the  introduction  of  u  new  arithmetical  conception— 
that  of  ideal  prime  factors — M.  Kummer  has  shown  that  tbe  analogy  with 
the  arithmetic  of  common  numbera  is  completely  restored.  Some  prelimi- 
nary observations  are,  however,  necessary  to  exphiin  clearly  in  what  this  con- 
ception consists* 

•  SeeM.  Kummer,  "  Ueber  die  AUgemeinen  Rcciprocitatsgesetze,"  p,  27,  in  the  Mcmoira 
of  the  Berlin  Acsdcmy  fox  1969, 

t  For  complex  immTicrs  compmed  with  5th  or  7th  roots  of  unity,  tho  theorem  still  rxists; 
for  23  and  higher  prmus  it  certainly  faiU ;  whether  it  exists  or  not  fur  11,  15,  17,  aud  ly, 
baa  not  been  di :  nitcly  stated  by  M.  Kummer  (see  below,  Art.  50). 

X  "Maxime  dolendum  vidctur"  (so  said  M.  Kummer  in  18H)  "quod  l-^r  numcronim 
realium  virtus,  ut  in  factores  primus  dissolvi  possint,  qui  pro  eodcm  nuuicro  semper  iidem 
tint,  Don  eadem  est  nuraerorum  complcxorum,  (jute  si  etset,  tola  hnc  doctrina,  qute  magnis 
adhuc  difficaltatibus  preniitur,  facile  absolvi  et  ad  (inem  t  irdud  posset."  (Sec  his  l>i'^^r  ita. 
tioa  in  LioaTUle'a  Journal,  vol.  xii.  p.  202.)  In  the  folio  wing  year  be  was  already  able  to 
wiUidiaw  lids  ssprMsion  of  r^irst* 
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DuiuUeri  aoU  a  a  root  of  the  equaiioti  =0;  then  any  expie»)>ioD  of  th« 

form  *  * 

ill  which  nr  ,  «7j,  ....  (tj_^^  denote  roal  inlt'ijers,  is  calU(i  a  complex  inte- 
gral number.  To  this  form  every  rational  and  integral  function  of  a  cait 
always  be  reduced ;  and  it  follows,  from  the  irreducibiiity  of  the  equation 
ft^— 1 

— Oi  that  the  same  complex  number  cannot  be  expressed  in  this 

raduced  form  in  two  diSen nt  \vays.  The  norm  of  F(a)  is  the  real  integer 
obtaioed  by  forming  the  product  of  aU  the  X— 1  values  of  F(a),  so  tbat 

N .  F(«)«N .  F(«»)=« . . .  =N.  F(a^-»)=F(«) ,  F(a*) .  F(««) . , .  F(«*-i). 

The  operations  ut  adUitioOi  subtraction  and  niuitiplicatiun  present  no  prcu- 
Uftriiy  in  the  case  of  th<M  ooinplex  nomben ;  by  tba  introdnction  of  the 
norm,  tba  dtvieion  of  ona  complex  number  by  another  ii  reduced  to  tba  case 
in  wbiab  tba  divitor  it  a  real  integer.  Thoe 

r(a)  N.F(<»)  * 

and  f{cL)  is  said  to  be  divisible  by  F(a)  when  every  coefficient  in  the  pro- 
duct jT[a)F(a')F(a') . . .  F(a*--'),  developed  and  reduced  to  the  form  (A), 
ie  divisible  by  N.F(a).  When /(a)  is  not  divisible  by  F(a),  it  is  not,  la 
general,  possible  to  render  Ihe  norm  of  the  roniainder  less  than  the  norm  of 
the  «livisor;  and  it  is  owing  to  thi.^  circu!ii>-fnnce  that  the  common  rule  for 
fiii'iiiig  the  greatest  common  divisor  is  not  generally  applicable  to  complex 
numbers.  If,  in  ihe  expression  (A),  we  consider  the  numbers  a^,  a.  ...ax-t 
as  indeterminatesi  the  norm  is  a  certain  homogeneous  function  of  oroer  1, 
and  of  X— 1  indeterminates ;  so  that  the  inquiry  whethern given  real  number 
is  or  is  not  resoluble  into  the  product  of  X  —  1  conjugate  cnm^ilex  factors,  is 
identical  with  the  inquiry  whether  it  is  or  is  not  capable  nf  representation  by 
a  certain  homo^jeneous  form,  which  is,  in  fact,  the  resultant  of  the  two  forms 

and  *^->-f  dP^-^-f  «*-y  H  -f-y*--*. 

The  problem  is  eonstdereU  in  the  fornter  aspect  by  M.  Kummer,  in  the  latter 
by  Dirichlct.  The  methods  of  Diricblet  appear  to  have  been  of  extreme 
generality,  and  are  as  applicable  to  complex  numbers,  composed  with  tiia 
powers  of  a  root  of  any  irreducible  equation  having  integral  coefficients,  as 

to  the  complex  numbers  whit  h  \\v  have  to  consider  here.  Nevertheless,  in 
the  outline  of  this  thenrv  which  we  propose  to  give,  wc  prefer  to  follow  the 
cour^^e  taken  by  M.  Kuuuntr ;  for  Dtrichlet's  results  have  been  indicated 
by  him,  for  the  most  part,  only  in  a  very  summary  manner  nor  is  it  in  any 
case  difficult  to  assign  to  them  their  proper  place  in  M.  Kommer^s  tiieoir ; 
while,  on  tha  other  hand,  it  would,  perhaps,  be  impossible  10  express  aife* 
quately,  in  finy  other  form  than  that  which  M.  Kummer  has  adopted,  the 
numerous  and  important  results  (including  the  law  of  reciprocity  itseii)  con- 

•  See  bis  notes  in  the  Monatsberichtc  of  the  Berlin  Acidemy  for  1841,  Oct.  11,  p.  280; 
1842,  April  14,  p.  93;  and  1846,  March  30;  alto  a  letter  to  M.  UouviUe,  in  Liouville's 
Journal,  vol.  v.  p.  72 ;  a  note  in  the  Compt^  Randui  of  the  Psris  Academy  for  1840, 
vol*  X.  p.  tt6  i  sad  saotber  ia  the  Monattberiebte  for  1847*  April  15,  p.  139. 
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Uioed  in  the  ekbonite  leriet  of  memoin  wbioh  h«  hu  derotfld  to  this  tub* 

ject 

4'2.  Complex  Units. — A  complex  unit  is  a  comj>U'X  nurabpr  of  which  the 
norm  is  unity.  irXs=3,  there  is  only  a  finite  number  [sixl  ol  units  included 
in  the  formula  +a*.  But  for  all  higher  values  of  X,  the  number  of  units  is 
infinite.  Nevertheless  it  is  always  possible  to  asi^ign  a  system  of  ^ — 1  units 
(putting,  for  brevity,  |(\— 1)=^)  such  that  off  units  are  Ineloded  in  th€ 

formula  l:a*M"'M^.."W^1i* ;  >ii  which  «,,  i/^,  j^^, are  the  a-sigited 

units,  and  h,  w  ,  w  ....7i^_  i,  are  real  (posiiive  or  nejjativc)  integral  numbers. 
A  system  ot  units,  capable  ot  thus  repreiieiitiiig  aU  units  whatsoever,  is  called 
»  fttBdamental  system.  The  exbceiice>  for  every  velue  of  X,  of  fundameiitRl 

•  Tlie  following  is  a  li^t  of  M.  Kamtncr's  memoirs  on  cnniplcx  nmnbers  : — 

1.  De  Duoieris  complexit  qui  raUicibus  uaitatia  ct  numcris  resUbus  coostant,  BreaUu, 
1844.  This  is  an  scaflemicil  dissertation,  iddretsed  by  the  Uaivenity  of  Breslau  to  Hiat  o| 
Konigsberg.  on  the  terLcntenary  anoifcnwy  ol  the  latter.  It  has  been  inserted  by  M.I<ioa« 

Tille  io  bis  Jourual,  vol.  xii.  p.  185. 

2.  Ueber  die  Divitoren  gcwisser  Formen  der  Zsblen,  welohe  aus  der  Theorie  der  Krtis- 
thetlung  entstehen. — Crelle,  vol.  xx\.  p.  107. 

3.  Zur  Theorie  der  Complezen  Zahleo,  in  the  Monattbcrichte  for  March  1845,  er  in 
C  relic,  vol.  XXXV.  p.  319. 

4.  Ueber  die  Zcrlegung  der  ans  Wurzeln  der  Einheit  gebildeten  complexen  Zdlten  in  ihre 
rrimfactorcQ. — CrcUc-,  vol.  xxw.  p.  327.    The  date  is  Sept.  1846. 

5.  A  Dotc  addressed  to  M.  Liuuvillc  [April  28, 1817),  in  Liuuville's  Journnl,  vol.  xi!.  p.  136. 

6.  Bestiramoag  der  AnzAhl  nicht  tequivalenter  Klassen  fiir  die  aos  Xttn  Wurzeln  der  Ein- 
iieit  gebildeten  complexen  Zalilen,  und  die  idealcn  Fai  tnr»Mi  dfrswlben. — Crrllc,  vol.  xl.  p.  93. 

7.  Zwei  besondere  Untersuchungen  iiber  die  Cla^^en-An/aUl,  uud  iibcr  die  Einheiten  der 
aus  Xten  Wurzeln  der  Einheit  gebildeten  complexen  Zahlen. — Crclle,  vol.  xl.  p.  117.  (See 
also  the  Moaatsbericli tr  of  t!ir  l!rrlin  Academy  for  1847,  Oct.  14,  p.  305.) 

8.  AUeemeiner  Rewcu  des  i  criu.it'schen  Satzcs,  dassdieGleichung  <ff^-f^y^=;r>-  unlv&bsr 
let,  f&r  afie  diejenigen  Potenz-Exponenten  X,  welchc  iingerade  Primsahlen  find,  mid  In  den 
Zahlern  der  crsten  i(X  — 3)  Uernouilliscben  Zablen  als  Factorcn  niclit  vorkomrnfrt. — Crelle, 
voL  xl.  p.  131.  (bee  also  the  MonaUbericbte  for  1847.  April  15,  p.  132.)  Thia  and  the  two 
preceding  memoin  are  dated  June  1849* 

9.  Reclicrchcs  siir  les  Nombrc?  roraplcxes.— Lioiivillo.  vol.  xvi.  p.  377.  This  memoir 
oontatas  a  very  fuU  r^um^  of  the  whole  theory,  and  may  be  read  by  any  one  acquainted 
«ith  the  elements  of  the  theory  of  numbers. 

10.  A  Dote  in  the  Monatsljcrichte  of  the  IJorlin  Academy  for  May  27*1890,  p.  154,  wbldl 
contains  the  first  enunciation  of  the  law  of  rcciproctiy. 

11.  Ueber  die  Erganznngswtxe  tn  denAllgemnneii  RedprocltSlsgesetsen. — Crelle,  vol.  xliv. 
||,  W  (Nov.  30,  1851),  and  vol.  h  i.  p.  270  (Dec.  I8jSj. 

12.  A  note  on  the  irregularity  of  determinant*,  iu  the  Berlin  Xlonatibericbte  for  1853, 
March  14,  p.  194. 

13.  Ueber  eine  besondere  Art  ana  complem  Sinheiten  gftbihleter  Auadrunke.-- CktNs, 

vol.  !.  p.  212  (Auj.  31.  1854). 

14.  Ueber  die  deti  Gatusischeu  Perioden  der  Kreistheilung  cntsprecbciidcn  Caogrueoz« 
wurzeln.— Crtdle,  vol.  liii.  p.  142  (June  5,  1856). 

15.  I'lvnzf:  Satze  iiber  die  aus  den  Wurrelu  der  Gleichung  e.1  gebildeten  complexen 
Zahleu  lur  den  Fall,  dass  die  Klasseuzahl  durch  X  tbeilbar  ist,  ncbst  Anwendung  der«elben 
anf  einen  weiteren  Beweis  des  letzten  Fermat'schen  LehrsaL  ch.  —Memoirs  of  the  Berlin 
Academy  for  1857,  p.  4 1 .  An  abstract  of  this  memoir  will  be  found  in  the  MonatthcrldUe 
for  1857,  May  4.  p.  275. 

16.  Theorie  der  Idealen  Primfaetoven  dcr  compleuo  ZaUen,  welche  aoe  dan  WhimUi 
der  Gleichung  o^"  =  1  gcbiidet  sind,  wenn  •  eine  saaammeaieietite  Zahl  ist.--Meinoin  of  tho 
Berlin  Academy  for  1856,  p.  1. 

17.  Ueber  me  AUgeuiidnen  ReeHiracitilagesetse  vnter  den  Berten  md  Nldit-lteelett  der 
PoteiizcTi.  fbireii  Grad  cine  Primzabl  ist. — Memoirs  of  the  Berlin  Academy  for  18')0.  p.  20. 
It  was  reiMi  on  Feb.  18,  1858,  and  May  5, 1859.  An  abstract  will  be  found  in  the  Monats* 
herichte  of  the  former  year. 

A  memoir  hy  ^T.  Kronccker  'Di->  unitatihiiv  roni[ile\is.  Berlin,  1845;  it  \i  h'l'^  inangur.d  dis- 
sertation on  taking  his  doctorate)  connect*  itself  naturally  with  the  earlier  memoirs  of  the 
pioeeding  series. 
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systems  of  ^ — 1  units  mny  be  establishetl  by  means  of  a  general  proposition 
I'lic  to  Dirif  lilct  and  rflating  to  ;iny  irit'dncible  eijuritioti  having  unity  for 
its  hr>L  coi-iiicitul,  aiuJ  nl!  its  coi  fbcit-nts  integral,  if.  in  mk'!j  an  Mjuutioii, 
li  be  the  number  of  rial,  aud  2  1  ol  iuiaginaiy  i'(jot«,  ihtte  uiMa)s  exirfit 
sjr«t«*iii4  of  li+I— 1  fundftmental  unit«,  by  meadfl  of  which  all  other  units 
can  btt  exprewed;  or,  in  other  uords,  the  indeterminate  t'Cjuatioii  "Norm 
s=l*'  is  always  resoluble  in  an  infinite  number  of  ways,  and  all  its  solutions 
can  be  expressed  by  mearr*  ofR-f-I — 1  fundamental  soiutiunii*.  The  demon- 
stration ol"  the  actuai  e.\i>teaco,  in  every  ca!?e,  ol'  the>e  systems  of  fundamental 
uuiu  (a  theorem  which  is,  as  Jacobi  Itas  said  f,  uu  des  plus  iiupui  taats, 
mala  aasal  un  dea  plus  ^pineux  de  la  science  des  nombres**)  is  of  essential  im* 
portance  in  the  theory  of  complex  numbers,  and  has  the  snme  relation  to 
that  theory  which  the  solution  oT  tlu?  Ptllian  equation  x'  —  Dt/^^l  ha^  to 
the  theory  of  quadratic  fortns  of  determinant  D.  It  may  be  observed,  how- 
ever, that  in  the  case  which  we  have  to  consider  here,  that  of  the  equation 

»0,  the  existence  of  fuodamental  systems  of  /i— 1  units  has  been 

demonstfnted  independently  of  DirieUet's  general  theoiy  by  MM.  Kro* 
Decker  and  Kummer^. 

If  Xas5»  a+a~*'  is  the  only  fundamental  unit;  so  that  every  unit  is  in- 
cluded in  the  formula 

If  Xb7»  the  complex  units  are  included  in  the  formula 

"  -  3ttt  for  higher  primes  the  actual  calculation  of  a  sj'stem  of  fundamental  units 

involves  fjreat  labour;  and  a  method  practically  available  lor  the  purpose 
has  nut  yet  been  uivcn.  It  is  remarkable  that  every  unit  can  be  rendered 
real  (i.  e.  a  fundi  ri  of  the  binary  ;«nms  oi-  periof/s  -\- a,~  \  &c.)  by  multi- 
plying it  by  a  properly  assumed  power  ol  a.   We  dhaUl  therefore  suppose,  in 

*  To  enoneists  DiricUet's  theorem  with  precision,  let/(jr)«'0  be  the  proposed  cquaUon ; 
let  «|,  «],...««  be  its  roots,  and  ^(«]),  ^(«3)> .  • .  V'C'i)  ^  system  of  n  conjugate  units.  If 
the  analytical  modulus  of  every  one  of  the  quantities  v'  («i)i  M*^)*  •  •  -  ^i'^n)  he  unity,  the 
system  of  units  is  an  isolated  or  tingular  system.  The  number  of  singular  systems  {\i  my 
such  exist)  is  always  finite,  whence  it  is  easy  to  infer  that  the  units  they  cumprise  are 
siinpty  roots  of  unity.  For  if  \|/(«)  be  a  sin;,'ii1ar  unit,  its  powers  are  evi»1pnfly  also  singular 
units,  and  therefore  cannot  be  all  ditfercut  from  o»e  another;  i.e.  ^lia)  h  a  root  of  unity. 
li/{x)  be  of  an  uneven  order,  there  ars  ao  singular  units;  if  f{x)  he  of  an  even  order,  —  I 
it  a  singular  unit;  and  \(  f{x)'^  f)  have  nny  real  roots,  it  is  (he  only  j'ngulnr  unit ;  whereas 
if  all  the  roots  ofy(a*)  =  0  be  imaginary,  other  singular  units  may  iu  sjiccial  ca<>o&  c\i!>t. 

Thus  the  equation  — — p«=0  has  2(\— 1)  singular  units  included  in  the  formula  Ad< 
mitting  this  definition  of  singular  units,  we  may  entinriatc  Dirichlet's  theorem  ai  follows: — 

a  system  of  A  uuiu  [Aal+K—Ut  's(*)>  'aC*)*  composed  with  any  root  «,  can 
always  be  assigoed  meh  that  every  unit  cooBpoted  with  the  same  root  caa  lie  represented 
(and  in  one  way  only)  by  the  fbrmula 

M 

where  tij,  n^, . . .  «§  are  positive  or  nogative  int^vsl  nambers  and  w  is  unity,  or  eoine  one  of 

the  singular  units  ci>mf>o«ied  with  m. 

■  The  principles  on  which  the  demonstration  of  this  theorem  depends  are  very  briefly  indi* 
cated  in  the  notes  presented  by  Diricblet  to  the  Berlin  Academy  in  1841*  1812,  and  I9ii, 

■  t  Crelle's  Journal,  vol.  xl.  p.  312. 

X  ^tc  Krouecker,  De  uiuuUbus  complexis,  pars  altera;  and  Kuromer,  in  Uouville's  Jour* 
aal,  iroL  xvL  383. 
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what  foltow^  llwt  the  imilt  of  which  we  speak  have  been  that  fedneed  to  a 

roai  furn). 

for  all  values  of  X  greater  tlian  5,  the  nu.nber  of  systems  of  fundamental 
uoits  »  tnfioUe.  For  if  u,,  i/^, . . .  still  represent  a  «>ybteiii  of  fundamental 
uailiy  it  It  evident  that  the  system  E^,  E,, . . .  E^^i,  defined  by  the  eqoationt 


Kg  =«J^" 


.(!.«) 


(A.) 


is  also  a  fundamental  system,  if  the  indices  (1,  1)»  &c.  be  integral  numbers, 
and  if  the  detenninant  S±(l,  1X2,  2)  . . . .  I)  be  equal  to  unity. 

And  conversely,  every  system  of  fundamental  units  will  be  repre.oentrd  by 
the  equations  (A.),  if  in  them  we  assign  to  the  indices  (!,  1 )  (2,  *2).  &c. 
all  systems  of  integral  values  in  succession  con?i^itent  with  ti  c  oondilion 
2±(l,lX2,2)(3,8)...(;i--l,  /i-l)=±  I  ;  so  tliat  a  single  system  of  fun- 
damental units  represents  to  us  all  possible  systems. 

We  shall  also  have  occasion  to  allude  to  independent  systems  of  units.  A 
system  of  units,  u^,  u^, ..  Hf^^u  >*  Mid  to  be  independent  when  it  it 
impossible  to  satisfy  the  equation 

whatever  integral  values  are  assigned  lo  the  indices  Wj,  ...  fi^_i. 

The  equations  (A.)  will  represent  all  possiblo  systems  of  independent  units, 
if  we  suppose  that  in  them  the  indices  (1,  1),  (2,2),  (3,3)...  receive  all 
positive  and  negative  integral  vatuesi  subject  only  to  the  condition  that  the 
determinant  A 1 )  (2, 2)  . . .  1»  mast  not  vanish.  Every 
system  of  fundamental  units  is  also  independent;  but  not  conversely.  Every 
unit  can  h<:  rppresoited  as  a  product  of  the  powers  of  the  units  of  an  inde- 
peiiticnt  ^)3iejn  ;  but  if  the  system  be  not  also  fundamental,  the  indices  of  the 
powers  are  nut  in  general  integral,  but  arc  fractions  having  denouunators 
which  divide  A.  Lastly,  if  c^{a),  c,(a),  c^-i(a)  be  a  system  of  Inde- 
pendent units,  the  togariihmie  determinant 


L.  r.(a), 


•  •  a  • 


.  L.<:^_i(a), 


L.e,{«>^"*),  L.e.(«*^-')  L.c^.,(«>^-% 

ill  which  y  denotes  a  primitive  root  of  X,  is  different  from  zero:  and  coo- 
verscly,  if  the  determinant  be  ditiorenL  ironi  xero,  the  system  ot  units  is  inde- 
pendent. For  all  systems  of  fundamental  units,  the  absolute  value  of  the 
logarithmie  determinant  is  the  same ;  for  any  other  independent  system,  its 
vailue  i:«  A  times  that  least  value.  The  quantities  denoted  by  the  symbols 
L,c^(a),  L.cjx),  &c.,  are  the  arithmetical  logarithms  of  the  real  units 
&C.,  taken  positively. 

43.  Gauss's  EqucUioiis  of  Utc  Periods. — In  Gauss's  theory  of  the  division 
of  the  circle,  it  is  shown  that  If  A  be  a  prime  number,  and  if  ^»X^1,  the  e 
period$  offtooH  each,  that  is  the  quantities  9,,  ....  iie^v  defined  by 
the  equations 
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n.  «^  +a>*  +  +«^'"*^ 

»,  +  +«^  . 

(y  still  denoting  a  primitive  root  of  \),  are  the  roots  of  an  irrfducihle  equa* 
tioQ  of  order  e  hftving  integral  coeHicienU^  which  we  shall  symboliie  by 

F(»)-y+ Ay-'+Ay-«+ . A._,y+A,-0 

(see  Disq.  Arith.  art.  34<>).  This  equation  is  of  the  kind  called  Abelian ; 
thtt  ii  to  asji  taoh  of  the  «  periodi  ia  a  rational  fuoctioa  of  any  other,  ia 
ftteh  a  manner  that  we  may  establish  tlie  equations  f},3B^(};^),  i7,=fCr;,)» 

flf=i(p(T}.j),  ....  T;^^a=^j(ijf_i)  ;  where  it  to  be  observed  that  the  e()ef}i(  i(  rits 
of  the  f'unctinij  t*,  are  not  in  general  integral.  The  det( nninatioii  of  the 
coetiicieDU  ot  the  equation  i-(^)=0  may  be  effected,  for  aiiy  given  prime  A, 
and  any  given  divisor  c  of  X — 1,  by  methods  which,  however  tedious,  present 
no  theoretical  difficulty.    Every  rational  and  integral  function  of  the  periodi 

can  be  reduced  to  the  form  0o9o+^t9i+<'i9i+  <*  +a«_i>7e.i*  If  we  com* 
bine  the  equation  1  +90+91+ 9a -h  •  •  •  •  +9«-isb0  with  the  2  cquationi, 
by  which  |^  • .  • .  ifj~*  are  expressed  in  that  linear  fonn>  we  may  elimi- 
nate rj^y  1/3,  and  shall  thus  obtain  an  equation  of  order  e,  satisfied  by 

i.e.  the  equation  of  the  periods,  or  F(y)  =  0.  This  is  the  method  proposed 
By  Oauss  (Disq.  Arilh.  art.  346) ;  M.  Kummer,  instead*  forms  the  system  of 
equations 

ij  "=>is/+(0,0)9o+(0,  l)9,+(0,2)9,+  . . .  +(0.e-X)9.-i» 
9«9,    a=ll,/+(l,0)i7o  +  (l,l)'?,  +  (l,2)i^.+  ...+(l»e-l)i|e-i, 


9s9*-i-«.-^/'+(e-l»0)9o+(e~l.  l)9»+(«-li2)9i+  -  •  •  +(«-  l»«-l>|,-i, 

and  etiminates     n,,  . . .  rie-i  from  them.    The  symbol  (kyh)  represents  the 

number  of  solutions  of  the  congruence  -f  y''-^**,  mod  X,  a:  and  i/ 

denoting  any  two  terms  of  a  cnmplelo  «ystrTn  of  residues  lor  the  modulus^*; 
Hk  is  zero  for  all  values  of  A,  exceplmg  tlmt  ?*o=li  if  /be  even,  and  n^e=lt 
if/ be  uneven.^.  The  systems  of  equations  corresponding  to  the  particular 
oases  esSy  es4»  have  been  given  by  Gauss,  who  has  succeeded  in  expressing 
the  values  of  the  coefilcients  (A,  A)  in  each  of  tho^e  cases  by  means  of  num- 
ber- drpnifHngon  the  representation  ofX  by  certain  simple  qtiadralic  forms; 
and  has  employed  these  expressions  to  demonstrate  the  criterion  already  men- 
tioned in  this  Report  for  the  biquadratic  character  of  the  number  2f.  A 
third  method  has  been  given  by  M.  Libri  %  :  he  establishes  the  formula 

XNfc=XH»?a(l  +         +'^'A)*+  •  •  •  +«'?e-))^ 

in  which     represents  the  number  of  solutions  of  the  congruence 

•  LiottviUe's  Journal,  vol.  xvt.  p.  404. 

t  Diiq.  Arith.  art.  3o8,  ami  Theor.  Res.  Biq.  arts.  14-22. 

%  See  the  memoir  "  Sur  la  Theoric  des  Nombi  es,"  in  hia  *  M^moircs  de  Math^matique  et 
de  Physique/  pp.  121. 122.  The  notation  of  the  memoir  has  been  altered  ia  ths  tSSi*  8SS 
also  M.  i«beagut,  ia  lioimUo's  Journal,  voL  ii.  p.  287,  and  voi  iii.  p.  1 13. 
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1  •  •  •  mod  X*« 

If      S,,  S, . .  •  denote  the  tums  of  the  powen  of  the  roots  of  the  equation 
F(y)«0,  this  formula  may  be  written  thus»» 

k  k—l 

or,  solving  for  S|,     . . 

«'S*+i=A[N*-AN*»,+^^^^N*-,  -(X-lA 

From  this  equation,  when  the  vaiues  of  N^,  N^,  Srct  bave  been  determintd, 

8|f  8^  •  •  •  may  be  calculated)  and  thence  by  known  methods  the  value*  of 

the  coefficients  of  the  equation  r(y)=0.  Lastly,  M.  Lcbesgue  has  shown 
that,  if  we  denote  by  a^.  the  number  of  ways  in  which  numbers  divisible  by 
X  can  be  formed  by  adding  together  A  terms  of  the  serie;*  y",  7',  .  .  y^~^,  sub- 
ject to  the  condition  that  no  two  powers  of  y  be  added  the  indices  of  which 
are  congruous  for  the  modutns  e,  the  function  (X-^  1  )F(^)  assumes  the  form 

Bnt  the  practical  application  of  any  of  these  methods  is  very  laborious 
when  \  is  a  large  number,  chiefly  on  account  of  the  (h  tprniitiations  which 
they  uil  require  of  the  numbers  of  solutions  of  which  cci  tutn  congruences  are 

fiisceptible.   For  €^2  the  equation  is  ^+^-(  ^  ^ — aQ,  or,  putting 

r=2y-i-l,  r*— (— lyx^O.  The  cubic  and  biquadratic  equations  corre* 
sponding  to  the  cases  esaS  aud  ea4  are  also  known  from  Gauss's  invest^* 
tions.  The  results  assume  the  simplest  fonns  if  we  put  f^iy + 1 .  We  then 
liaye 

(1)  e=3,  1A=M»+27N',  M^l,  mod  3;  r»-3Xf-XM=0. 

(2)  e=4«  X=sA=+B^  A^l,mod4| 

[f'+(l-««)X]--4X(r-Ay-0t. 

Though  these  determinations  are  not  required  in  M.  Kummer*8  theory,  we 
have  nevertheless  given  them  here,  in  order  to  facilitate  arithmetical  verifl- 
catmn^  of  his  results.  The  forms  of  the  period-equations  for  the  case  r=8 
and  £=12  can  (it  may  be  added)  be  elicited  from  the  suits  given  by  Jacobi 
in  his  note  on  the  division  of  the  circle  ^Crclle,  vol.  xxx,  pp.  167i  168.). 

44<*  7^  Period-Eguaiiom  eomtuUrea  at  CoMffrumeet^An  arithmetioal 
property  of  the  equation  F(jf)nO,  which  renders  it  of  fundamental  imports 
ance  in  the  theory  of  com  pi  0:  intnibcrs.  is  expressed  in  the  following  theorem. 

"If  7  be  a  prime  nunjbcr  sutistying  the  congruence  y/sl,  mod  X,  the 
congruence  l'(t/)=^0,  mud  (j,  is  completelv  refolubie,  t.  e.  it  is  possible  to 
establish  an  indeterminate  congruence  of  the  form 

F(y)=(y-«o)        •  •  •  (y  ~«#-0»  mod  g, 

♦  In  this  congruence  0*1,  . . .  are  *  terms  (ih  c  ^ame  or  difTcrent)  of  a  cwnplet*  syttem 
of  residues  for  the  luoduliu  X ;  and  in  couatiog  the  number  of  solutions,  two  solutions  sre  to 
be  coaddered  as  differeiit  m  which  the  tame  ntsees  are  not  ooeopied  by  the  same  numbers. 
A nmpler  fiminls finr  S^^i in«(7beobtsin«dV«<MMidsriiig#|,r|,..,«^toiifMssn 

ef  a  s|atem  of  residues  prime  to  X,  and  denodnf  by  /y^^  the  nnnber  of  solutions  of  M.  Ubti's 

eongruence  on  this  hypothesis.   Ve  thus  find  Sk-l-i  «Xy«— (LtouvUls,  toL  iiL  p.  116). 

t  Liouville,  vol.  iii.  p.  119. 

X  M.  Leliesgue,  Coroptes  Rendus,  vol.  li.  p.  9.  Gaots  has  not  exhibited  this  Issl  StiSliDa 
in  its  apUdt  iom.  See  Thsor.ltss.Bi%.&e. 
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tfji  •  • « Uf-i  denoting  integral  numbeTe»  oongroout or  incongraoai»  mod^*,** 

A  particular  case  of  this  theorem,  relating  to  the  equatioQ  ^  ^  =0 

(which  may  of  course  be  regarded  as  the  equation  of  the  X— I  periods,  con- 
sisting each  of  a  single  root),  is  duo  to  Euler,  and  i^  included  in  his  theory 
of  the  iiesidues  of  rowel's;  for  it  follows  from  that  theory  (see art.  12  of  this 
Report),  tbat  the  binomial  congruence       1  ^0  (and  therefore  also  the 

congruence  r-^O,  mod  q)  is  completely  reaoiubie  for  everj  prime  of 

the  form 

A  rpni:irkal)l(?  relation  subsists  between  the  periods  rj^,  rj  ...ije-i  of  the  . 
fytfafion  1  (  y  )  =    :i[id  the  roots  u^,  u^,  u,  . . ,        of  the  congruence  F(^)sO^ 
mod  q,    J  ills  relation  is  expressed  in  the  lollowing  theorem; — 

"  Every  equation  which  subsists  between  any  two  functions  of  the  periods, 
will  subsist  as  a  congruence  for  the  modulua  q  when  we  snbstitate  for  the 
pert  i(U  the  roots  of  the  congruence F(y)50  taken  in  a  certain  order*" 

It  is  immaterial  which  root  of  the  congruence  we  take  to  correspond  to  any 
given  root  of  the  equation.  But  wlien  thi=;  rorn'?:pnndence  has  once  been  esta- 
blisiitd  in  a  single  case,  we  must  attend  to  the  betjuenee  wliich  exists  among 
the  routs  of  the  congmeiice  corresponding  to  the  sequence  uf  liie  periods. 
When  tig,  . . .  Ue-\  are  aU  incoogruoua,  their  order  of  sequence  ia  deter- 
mined by  the  congruences 

w,=^(!/J.    u^^^(u,),  m^s^(m^_|),  mod  q, 

which  correspond  to  the  equations 



and  which  are  always  significant,  altlioiigh  the  coeflRcienti  of  ^  are  frac- 
tional* because  it  may  be  proved  that  their  denominators  are  prime  to  the 
modulus^.  When  m^,  «,,...  t/,_i  are  not  all  incongruous  [an  exceptional 
case  which  implies  that^divide^  discriminant  oil  F(/y)]'  a  precisely  simi- 
lar relation  subsists,  thonirli  it  cannot  be  fixed  in  the  same  manner,  and  though 
th(!  number  of  incongruous  solutions  of  the  congruence  is  not  equal  to  the 
number  oi'  the  periods.    (See  a  paper  by  M.  Kummer  in  Crelles  Journal, 

*  This  theorem  was  first  given  bjr  Schocnemann  (Crelle,  vol.  xix.  p.  306) ;  hi«  demoDst««. 
tion,  however,  supposes  that  q  ^e, — a  limitation  to  which  the  theorem  if  self  is  not  subject. 
The  following  proof  i>,  wiili  a  slight  modificatiou,  tbat  given  by  M.  Kuuioicr  (Crelle,  vol.  &xx^ 
p.  107,  or  Liouville,  vol.  xvi.  p.  40d).  From  the  iadetennlmte  congmeaee  of  Lagrange  (ace 
art.  10  of  this  Report) 

*(«—  I )  (4r— 2) ....(«- f-i-l)  s««      mod  f, 

it  follows  that 

obser\'tng  that  Vk*^ ^f}k+inAg*  that,  if  Itui  q  be  divisible  by  e  (or,  wliiob  is  the  same 
thing,  if  q  sjituty  the  congruence  q/~.l,  modX),  »/A+inda  =  9**  Multiplyiag  together  the 
•  congroeaeei  obtained  by  giving  to  it  the  •  values  of  wfaien  it  it  snseepiible  ia  the  formola 

(y  -  »?*)  (y  -  V*  - 1  j  (y  -    -  2) . . .  (y  -  »u  -  7  + 1 )  --y'  -  y,  mod  7, 

ire  find 

F(v)F(y-l)  V  <j-2)  ...  F(y-ff+n     f./i  -l/Y.  mod  r/; 
wliPiicf,  by  a  priiici|)l*^  f<>  wbirli  wf  sh  ill  hsve  oora<<ioii  to  refer  siib^rcjun-.tlr  (%ee  ArU49)»it 
Mppettr»  tbat         a  vtiiv^ninui  for  lUc  ]uuilu;u:>  q  in  &  pioJuct  oi  the  furiu 

(y~wJ(y-Mi)  (y-«r-i)- 
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▼oL  liii.  p.  142,  in  which  he  has  eitafaluhed  this  Aiadtmeiital  proposition  on 

a  satisfactory  basis.) 

4-5.  CfymUtions  for  the  Divisibility  of  t/te  Norm  qf  a  COMpi^  Number 
a  Jtieai  Prune*. — Instead  of  tlie  complex  number 

let  OS  now,  for  a  moment,  consider  the  complex  number 
trhich,  with  its  conjugates 


is  a  function  of  tbe  periods  onK  ,  and  is  therefore  a  specialized  form  of  the 
general  complex  number and  let  g  still  denote  a  real  prime,  satisfying 
the  congruence  gf  "  1 ,  mod  X.  By  means  of  the  relation  subsbling  between 
the  equation-roots  n^,  17^,  . .  ij^-i,  and  the  congruence-roots  w^,  t<^»  . . 
Kumnier  has  demonstrated  the  two  following  theorems  ^ — 
(i.)  "The  necessary  and  sufficient  condition  that  should  be  divisible 
by  q  (I.  e.  that  the  coefftcients  r^,  Cj,  ...Cc^i  should  be  all  separately  divi- 
sible by  q)  is  that  the  e  congruences 

4f(uJ   »«a««   H-<^i»i+«i«»+  •  •  •  •  mod  ^, 

^'("i)    =^o«'i         Wj  +  ^i ^^3+  . .  •  •  +Cf-.i       ^0,  mod  7, 


should  be  simultaneously  satisfied.*' 

(ii.)  "The  nocfssary  and  suflicient  condition  that  the  norm  of  t^f »/),  taken 
with  re«ppct  to  the  pt  ricuh,  i.e.  t?i('  iiiiinber  , , . ,  shpuld 

be  diviaible  by  q,  is  that  ofie  uf  lUe  t  congruences 

J        K^i)  =  0,  i/'Cm.-i)  5^0,  mod  qt 

should  be  satisfied*" 

'  Thrso  re<;nhs  may  be  extended  to  ta^  complex  number  /(a),  by  first 
reducing  it  to  the  form 

This  is  always  possible;  for,  since  the /  roots  which  compose  any  one 
period,  e.  g.  are  the  roots  of  an  equation  )((a)8sO  of  order /  the  coeffi- 
cients of  which  are  complex  integen  involving  tlie  period:*  onlyf,  we  may 

simply  divide  /"(a)  by  %(")'  ^'"^  remainder  will  pivo  us  the  expression 
of  /'(r<)  in  the  required  form.  Turther,  let  q  now  dojiotc  a  prime  appet' 
iaminy  to  the  txpomiU  f  merely  satisfying  the  congruence  y^^l,  mod  A, 
but  also  satisfying  no  congruence  of  lower  index  and  of  the  same  form). 
The  two  preceding  theorems  arc  then  replaced  by  the  two  following,  which 
are  analogous  to  them,  and  include  them. 

*  Tlic  outUiiR  of  the  theory  of  complex  numbers  contaiued  io  tUh  an»l  ihe  subsccpicnt 
srticles  is  chiefly  deriveil  from  M,  Kttoimer's  tn^irs  in  LtonvUle,  vol.  xvi.  p.  411. 
t  Disq.  Aiitii.  art 

1B60.  K 
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(L)  *'  The  neeeiMry  ftnd  taflkient  ooadition  thftl/(a)  thould  be  diviiible 
by  9»  if  that  the  eongroences 

4r«(ift)sO,  0»  •  •  •  •  ^/-i(t«»)ss50^  mod  9t 

should  be  simultaoeoutfl^  satitfled  for  Mtf  value  of  k," 

(ii.)    And  the  cooditton  that  the  norm  of  /(«)  should  be  divitiblo  by  7, 
is  that  the  same  congtuelices  should  be  satii^fled  for  some  one  value  ot  k," 

When  the  congruences  >/'o(w*)        C,(l/;):r:0,  ....  )  =0,  iihhI  7, 

are  simultaneously  satisfied,  /"(a)  is  said  to  be  conyruous  to  zero  {mod  (j),Jor 
the  substitution  ii^^ut.  These  / congruences  may  be  replaced  by  a  single 
congruence  in  either  of  two  different  ways;  Thiit,  if  we  denote  by  F(ffJ  the 
complex  nnmber  involving  the  periods  only  which  we  obtain  by  muitiplyiog 
together  the/oomplek  uiimheM 

/(a),/(aO,yi[ay"')...../0-^^^"'**')»  ' 

it  may  be  proved  that  the  single  congruence  F(tii)==sO,  mod  y,  is  precisely 
equivalent  to  the /congruences 

iJ/„(m*)=0,  4',(m*)=0  \P/-i(ut)=iO. 

Or,  again,  if  we  denott*  hy  ^(i^o)  a  complex  number  congruous  to  zero  for 
every  one  of  the  subflUu t if>iH  i;^c=m,,  i^^ssj/,,  ....  f^^=fip_i,  hut  not  con- 
gruuus  tu  ^eru  iur  the  subcjlilution  fit,—v^  (^uch  cuiuplex  nuuibeif,  involving 
the  perioda  only»  can  in  every  case  be  asstsned)*,  it  is  readily  teen  that  the 
same/coogruenees  are  comprehended  in  the  single  formula 

^(i,e.i)/(a)=0,  mod  g. 

The  utility  of  this  latter  mode  of  expressing  the  f  congruences  will  nppear  in 
the  sequel:  the  formula  F(ttjt)^0,  mod  is  ot  uuportanco,  because  it 
supplies  an  immediate  demonstration  of  the  importsnt  pi  uposition,  that  **ff 
aproduet  of  two  factors  be  congruous  to  sero  for  the  substitution  17^=1/^. 
one  or  other  of  the  factors  must  be  congruous  to  zero  for  that  substitution,** 
46.  Ihfintfio?i  of  T/hal  Prime  Factors. — To  develope  the  rnnsrquence?  of 
tlic  preceding  theortuu-*,  let  u.s  consider  a  prime  number  (/  appertaining  to 
the  exponent / ;  and  kt  us  iirst  suppose  that  it  is  capable  ot  bi  ing  expressed 
as  the  norm  (taken  with  respect  to  the  periods)  of  a  eomples  number  1/^(170)1 
which  eontaiot  the  periods  of/ terms  only ;  to  that 

^'M  •  •  •  •  ^ivf-i)' 

K  the  ftnbttltution  of  in  render  «f  (t/Q)^0,  mod  q,  we  may  distinguish 
the  €  factors  of  q  by  means  of  the  substitutions  which  reapeetively  render 
them  congruous  to  zero ;  so  that,  for  example,  is  the  factor  appet" 

taining  to  fhp  mh^fitution  r)  —v\c. 

We  thus  obtain  the  theorem  that  if /^a)  be  congrumis  to  zero,  mod  for 
any  substitution  %^u^i  J(^)  divisible  by  the  i'actor  ot  q  appertaiuuig  tu 
that  tttbslitation.  For  if  4^r,^)  be  that  factor  of  q^ 

H%)  g 

hutj{a)\l'(yj  )\L(v,)  .»»\lf(rie^i)  is  congruous  to  zero,  mod  7.  for  every  one  of 
the  substitutions  jyj,=M,,  , . ,  i)^s=Ue-}X  it  is  eonsequently  divisible 

by  qi  i.e.  JX^a)  is  divisible  by  ^/(ijo).    A  useful  particular  ca:»e  of  this  theo- 
rem is  that  ftk—Vk^O,  mod  i//(*7o)>  if  )K''o)^Ot  mod  q, 

*  CisilSy  ToL  Uii.  p.  146.  The  number  ^(t;)  of  thii  uiciuoir  pofi^esses  the  property  ia 
qatitioiii 
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'  Again,  ii  may  be  shown  that  these  complex  factors  of  q  Breprimet  in  the 
most  proper  sense  of  the  word:  i.e.,  first,  that  they  are  incapable  of  reso- 
hitinn  into  any  two  complex  factors,  unless  one  of  those  factors  be  a  complex 
Unit ;  and  ^c  couUiy,  that  i(  any  one  of  them  tlividc  the  product  of  two  facf ors, 
it  necessarily  divides  one  or  other  of  the  two  factors  separdtely.  Thai  \^{%) 
posseasea  the  first  property  »  evident,  becaose  its  norm  is  a  real  prime,  and 
that  it  possesses  the  second  is  a  consequence  of  the  last  theorem  of  Art.  4t9* 
For  if  \f,(ti  )  divide//^)  x/.(a),  eitlier /(a)  or  //a),  by  virtue  of  that  theo- 
rem, is  congruous  to  zero  (  mod  r/)  for  the  substitution  li^^U^i  that  is  to  8ay» 
eilheryj(a)  or/^(a)  is  divisible  by  \}^(r)^,). 

Now,  if  every  prime  g  which  appertains  to  the  exponent /  were  actually 
capable  of  resolution  into  e  complex  factors  composed  of  the  e  periods  of 
y* roots,  these  factors  would  represent  to  us  all  the  true  primes  to  be  con* 
sidered  in  the  theory  of  the  residues  of  Xth  powers.  And  for  values  of  \  infe- 
rior to  11,  perhajis  to  '23,  tliis  is,  in  fact,  the  m-p.  But  for  higher  values  of 
X,  the  real  primes  appertaining  to  the  exponent y' divide  themselves  into  two 
different  groups,  according  as  they  are  or  are  not  susceptible  of  resolution 
io  tOje  conj  ugate  factoiy.  Let,  then,  q  represent  any  prime  appertaining  to  the 
exponent/,  whether  susceptible  or  not  of  this  resolution,  and  let /(a)  still 
denote  a  complex  number  ivliieli  i"  rendered  conrrmous  to  zero  by  the  sub- 
stitution rj  =:if  '  f(n)  is  cald  by  M.  Kummer  to  contain  the  ideal  factor  of  tj 
appertainivg  to  the  substUution  %=u^.  This  definition  is  admissible,  because 
it  is  verified,  as  we  have  Just  seen,  when  q  is  actually  resoluble  into  e  con- 
jugate* factors;  and  its  introduction  Is  justified,  as  M.  Kummer  observes,  by 
its  utility.  To  obtain definition  of  the  multiplicity  of  an  ideal  factor,  wa 
may  cn^yrloy  a  complex  number  ^P(r/)  possessing  this  property  indicted  in 
the  last  article.    If  of  the  two  congruences 

C^('/o)]"  /("):=^0,mo(i^«, 
C*(lo)]"+/(a)«0,  mod 

the  former  be  satisfied,  and  the  latter  not,  /(a)  is  said  to  contain  it  timet 
precisely  the  idenl  fnetor  of  ^  which  appertains  to  the  substitution  ri~v.. 

47.  Efemerftfin/  Ihcorctns  relating  to  Ideal  JFacfors. — The  following  pro- 
pcMiitions  arc  partly  restatements  (in  confurmity  with  the  definitions  now 
introduced)  of  resnlta  to  which  we  nave  already  referred,  and  partly  simple 
corollaries  from  them.  They  will  serve  to  show  that  the  elementary  propel^ 
ties  of  ordinary  integers  may  now  be  transferred  to  complex  numbers. 

(1.)  A  complex  iiund)er  is  divi.-ible  by  q  whvn  it  contains  all  the  i(!ea! 
factni  s  (  i  q.  If  it  contain  all  of  those  factors  n  times,  but  not  all  of  them 
«+ 1  tunes,  it  is  divisible  by  9",  but  nut  by 

('A)  The  norm  of  a  complex  number  is  divisible  by  q  when  the  complex 
number  contains  one  of  the  ideal  factors  of  q.  If  (counting  multiple  factor») 
it  contain,  in  all,  ko(  the  ideal  factors  of  9,  the  norm  is  divisible  by  but 
by  DO  higher  power  of  q  (  /'denoting  the  exponent  to  vhrrh  q  appertains). 

(S.)  A  prod  net  oi  two  or  more  factors  contains  the  same  ideal  divisors  as 
its  factors  taken  together. 

(4<.)  The  necessary  and  sufficient  condition  that  one  complex  number 
should  be  divisible  by  another  is,  that  the  dividend  should  contain  all  th« 
ideal  factors  of  the  divisor  at  least  as  often  as  the  divisor. 

(5.)  Two  complex  numbers  Mhieh  contain  the  same  ideal  factors  art 
identical,  or  else  differ  only  by  a  unit  factor. 

(6.)  Every  complex  number  contains  a  finite  number  of  ideal  prime  fao» 
ton»  These  ideal  prime  factors  (as  well  as  the  multiplicity  of  each  of  them) 
mn  perfectly  determinate. 
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TKe  pnme  namber  \  is  the  only  wt\  prime  excluded  from  tbe  preceding 
eoDsideratioiw.    Since  X=(l— a)(l-a')....(l-aX-i),  it  appears  that  the 
norm  of  ]~n  is  a  rf-nl  primo,  and  therefore  1— a  cannot  be  resolved  into 
the  product  of  two  factor*,  except  one  of  them  be  a  unit.    Again,  because 
the  necessary  and  sufBcieut  condition  for  the  divUibility  of  a  complex  number 
by  1— a  u  tbet  tbe  sum  of  the  coefficiento  of  tbe  complex  number  should 
be  congruous  to  lero  for  the  modulus  X,  and  because  the  sum  of  the  coeffi- 
cients of  a  product  of  complex  numbers  is  congruous,  for  the  mrxlnlus  X,  to 
the  product  of  the  sums  of  the  coefficients  of  the  factor.^  it  appears  that  if 
the  norm  of  a  complex  number  is  divisible  by  X,  tlie  complex  number  is  iUelf 
divisible  by  1  —  a ;  and  ulso  that  if  the  product  of  two  complex  numbers  be 
divisible  by  1  —  a,  one  or  other  of  the  factom  separately  must  be  divisible  by 
1— o.   Henee  1— a  is  a  true  complex  orimc,  and  is  the  only  prime  factor  of 
X;  infact,X  =  (l-«Xl-«*)...(l-aX-i)=s(a)(l-a)X-i,  if«(a)denote 

the  complex  unit 

I -a'  l-o*  1-nX-i 
'  ■  • '         • » •  •  — — • — ""^"^ 
1— a   1 — o         1— o 

The  theorems  vliic  h  have  prfceded  enable  us  to  give  a  definition  of  the 
norm  of  an  ideal  complex  number.  If  the  iileal  number  contain  the  factor 
1 — a  m  tm\e»f  and  if  it  besides  contain  k,k'fk"t  ....  prime  factors  of  the 
primes  q\  q", ....  appertaining  to  the  exponents /',/",  •  ••  •  respectively, 
we  are  to  understand  by  its  norm,  the  positive  integral  number 

a  definition  which,  by  virtue  of  the  second  propositiua  of  this  article,  is 
exact  in  the  case  of  an'actually  existing  number. 

It  will  be  observed  that  the  number  of  actual  or  ideal  prime  factors  (com- 
pound  of  Xth  roots  of  unity)  into  which  a  given  real  prime  can  be  decom- 
posed, d(>p(  nds  exclusively  on  the  exponent  to  whicli  the  prime  appertains 
for  the  modulus  X.    If  the  exponent  is  /,  the  number  of  ideal  factors  is 

se,   Thusy  if  ^  be  a  primitive  root  of  X,  q  continue  a  prime  in  tbe 

complex  thporv  ;  if  it  bo  a  primitive  root  of  the  congruence  x  '  ^^I ,  mod  X, 
it  is  only  rciolubie  into  two  conjugate  prime  factors.  This  dependence  of 
the  number  of  ideal  prime  factors  of  a  given  prime  upon  the  exponent  to 
which  it  appertains  is  a  remarkable  instance  of  an  intimate  and  simple  con* 
iiexion  between  two  properties  of  the  same  prime  number,  which  appear  at 
first  sight  to  have  no  immediate  minioxion  with  one  another. 

It  mav  be  e'lnvcnipnt  ff)  rrmai  k  that  the  word  Ideal  is  sometimes  used  so 
as  to  include,  and  sometimes  so  as  to  exclude,  actually  existent  complex 
numbers ;  but  it  is  not  apprehended  that  any  confusion  can  arise  from  this 
ambiguity,  which  it  is  not  worth  while  to  remove  at  the  expense  of  intro* 
ducing  a  new  technical  term. 

48.  Class^f/f ration  of  Ileal  Xttinhcrs. — An  ideal  number  (using  the  term 
in  its  restricted  Mon^e)  is  incapable  of  being  exhibited  in  an  isolated  form 
as  a  complex  integer;  as  fur  as  has  yet  appeared,  it  has  no  quantitative 
existence;  and  tlie  assertion  that  a  given  complex  number  contains  an  ideal 
factor,  is  only  a  convenient  mode  of  expressing  a  certain  set  of  congrucntial 
conditions  which  are  satisfied  by  the  coefficients  of  the  complex  number. 
Neverlheles;?  we  may,  without  fear  of  error,  represent  ideal  nurnhers  by  the 
same  symbols, /(a),  \'{a).  iu( a)  . . . ,  which  we  have  employed  to  denote 
actually  existing  complex  numbers,  if  we  are  only  careful  to  remember  that 
these  symbols,  when  the  numbers  which  they  represent  are  ideali  admit  of 


Digitized  by  Google 


ON  THK  TUEOUY  OF  NUMDEftS* 


13S 


MmUnatlon  hf  multiplication  or  divifion,bot  not  by  addition  or  lubtraetion* 

Tbus/(a)x/Xa),/(a)-r/i(«),  [/(a)]'",  ore  significant  s>  mbol8»  and  tlicir 
interpretation  la  contained  in  wiiat  has  precrdc<l ;  but  we  liuve  no  general 
interpretation  of  a  combination  such  us /(«)+/(«)»  or /(a)— /(a)*.  Thia 
symbolic  representation  of  ideal  numbers  ia  very  convenient,  and  tends  to 
abbreviate  many  demonstrations. 

Every  ideal  number  if  a  divi«or  of  an  actual  number,  and,  indeed,  ol  an 
infinite  number  of  actual  numbers.  Also,  if  tlie  ideal  number  ^(a)  be  a 
divisor  of  the  actual  number  i  (a),  tlie  quotient  ^,(a)=l*(aj-r^(a)  i»  always 
ideal ;  for  if  0|(a)  were  an  actual  number,  ^(a),  wliicb  ie  the  quotient  of 
F(a)  di?kled  bv  ought  also  to  be  an  actual  number.   It  appearst 

therefore,  that  there  exists  an  in6nitc  number  of  differeoi  ideal  multipliers, 
which  all  render  actual  the  same  ideal  number.  It  h  i-,  however,  been  shown 
by  M.  Kummer  that  a  fmite  number  of  ideal  multipliers  are  sufficient  to 
render  actual  all  ideal  numl)ers  whatever;  so  that  it  is  possible  (and  that  in 
an  infinite  narober  of  different  ways)  to  assign  a  system  of  ideal  multipliers, 
auch  that  every  ideal  number  is  rendered  actual  by  one  of  tbem,  and  one  only. 
Ideal  numbers  are  tlius  distributed  into  a  certain  finite  number  of  classes,—* 
a  class  comprehending  those  numbers  which  are  rendered  actual  by  the  pnnif? 
multiplier;  and  this  distribution  into  classes  is  independent  of  the  particular 
system  of  multipliers  by  which  it  is  etfected,  inasmuch  as  it  is  found  that  if 
two  ideal  numbers  be  iLiiUered  actual  by  the  same  multiplier,  every  other 
multiplier  which  renders  one  of  tbem  actual  will  also  render  the  other  actual- 
Ideal  numbers  which  belong  to  the  same  class  are  said  lo  be  tquivaleitt;  so 
that  two  ideal  numbers,  which  are  each  of  them  equivalent  to  a  third,  are 
equivalent  to  one  another.  We  nmy  regird  artnnl  imnibers  (which  need 
no  ideal  multiplier)  as  forming  th(  iii^t  or  princijjai  class  in  liibtnbution, 
and,  consequently,  as  ail  t  (juivaU  ut  to  one  another.  If /(aj  be  e(jiiivalent  to 
/(a),  and  f{a)  to  (l>i(a),/ia)  x  f  (a)  is  equivalent  to/ (a)  x  ^i(a), — a  result 
which  la  expressed  by  saying  that  '*  equivalent  ideal  numbers  multiplied  by 
equivalent  numbers,  give  equivalent  products;**  and  the  class  of  the  product 
is  said  to  be  the  class  ctmipotfndcd  of  the  elapses  of  the  factors. 

49.  Rrprescntation  of  Ideal  iVumbers  as  the  roots  of  Actual  Nnml>(rs,—^ 
An  important  conclusion  is  deducible  from  the  theorem  that  the  number  of 
dassea  of  ideal  numbers  is  finite.  Let  /(a)  be  any  ideal  number ;  and  let  us 
consider  the  series  of  ideal  numbers /(a),/(a)^/(a)^ ...  These  numbers 
cannot  all  belong  to  different  classes ;  we  can  therefore  find  two  different 
powers  of/(«),  for  example  l/(a)y^  and  which  are  equivalent 

to  one  another.  But  the  equivalence  of  these  numbers  implies  that  [/(«)]* 
is  equivalent  to  the  actual  number+1 ;  t.  e.  that  is  itself  an  actual 

number.  We  may  therefore  enuncinte  the  theorem,  "Every  ideal  number, 
raised  to  a  certain  power,  becomes  an  actual  nnnd)cr/* 

The  index  of  this  power  is  the  same  fur  ail  ideal  nuuibers  of  the  same  class, 
but  may  be  different  for  different  classes.  By  reasoning  preci^iely  similar 
to  that  employed  by  Euler  in  his  2nd  proof  of  Fermat's  Theoremf,  it  mar 
be  proved  that  the  index  of  the  first  term  in  the  series  /(a),  [/t*)D  • 
[/(a)]^... ,  Mhich  Is  an  nctual  nunibcr,  is  either  equal  to  Ihv  whole  number 
of  cl.msses,  or  to  a  submulti[»le  of  that  number.  This  least  index  is  faid  to  be 
the  ejcpvnaU  io  which  the  class  of'  ideal  numbers  confining  /{a)  appertains* 

•  These  symbols  are,  however,  iiitorprcfahlc  when  /(<t)  &^^A/l(a)  Ixl  i  i;  to  the  same 
dati,  Thot, if  f  (•)x/(«)  ami  ^  f«)  x/,  («)  be  both  aciual,/(«)-h/i  («)  "  ihc  ideal  quo- 
tleat  obtained  by  dividiDg  f  («)  x/  («)  +  ^  («)  x/,  («)  by  f  («). 

t  See  srt,  10  ef  this  Report. 
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It  wouM  seem  tliat  for  rorfain  values  of  the  prime  X,  there  exist  clashes  of 
ideal  minib'  r-i  nppertiiinirig  to  the  expuiu'iit  H,  il  H  cU'tiote  thi-  number  of 
classes  oi  uieal  numbers*.  Such  clashes  (when  they  cxii^tj  passers  a  properly 
similar  to  that  of  tlie  primitive  roots  of  prime  DamDeri(t.e.,  by  cumpuuudiug 
tttcii  a  dam  continually  witli  itself  we  obtain  all  poasible  dasaet,  just  as  by 
continually  multiplying  a  primitive  root  by  itself  we  obtain  all  residues 
prime  to  the  prime  of  which  it  is  a  primitive  root.  It  has,  however,  been 
ascertained  by  M.  Knuimer  that  these  primtlive  classes  do  not  in  all  cases, 
or  even  in  general,  exut. 

The  theorem  of  this  attiele  eoabtes  us  to  express  ideal  numbers  as  roots 
of  actually  existiog  complex  numbera.  Thus,  if  ^  be  a  prime  appertaining 
to  the  exponent ffOT  the  modulus  X,  and  resoluble  into  the  product  of  e  eoii- 
jugate  ideal  factors  ^(i;o)i  ^(>7i)>  Kli)**" H'^c-i)'  ^^^^  '\Aed\  numbers,  which 
will  not  in  general  belong  to  the  same  class,  will  nevertheless  appertain  to 
the  same  exponent  h  \  so  that  [^(O]  »  [^('^i)]  »•••  ^''^  ''^  actual  num- 
bers. The  power  is  therelort'  resoluhli'  into  the  pr.xluet  of  e  actually 
existing  complex  factors.    If  we  eff'ect  tJu^  icsuluiiun,  and  represent  the 

factors  of  q*"  by  4>()}^),  (I'Ui)  •  •  •  •  1 vXe^X  numbers  ^(>7e)f  K^Ji '  *  *  *  ^ 
represented  by  the  formuln 

50.  Ttie  Hvmkar  of  CUutea  of  Ideal  Numbers. — The  number  of  classes  of 

ideal  numbers  was  first  dcterniined  by  Dirichlet.  He  efi'tcted  this  determi- 
natioTi  by  methods  whicfi  he  had  previously  introduced  into  the  higher 
arithmetic,  and  whicli  had  already  led  him  to  a  demun»iration  of  the  cele- 
brated theorem,  that  every  arithmetical  progiessiun,  the  terms  of  which  are 
prime  to  their  common  difference,  contains  an  infinite  number  of  prime 
numbers,  and  to  the  determination  of  the  number  of  non*equtvatent  classes 
of  fjuadratie  forms  of  a  given  determinant  f*  Dirichlet's  invt  stigation  of  the 
problem  which  wean'  lure  eon:»idering  has  never  hcvn  yMilli-^hed ;  but  that 
since  given  by  M.  Kummur  is  probably  in  all  c^^ential  lespecu  the  same,  as 
it  reposes  on  an  extension  of  the  principles  developed  in  Diricblet*s  earliet 
memoirs*  Our  limits  compel  us  to  omit  the  detaibof  M.  Rummer's  analysis; 
the  final  result,  however,  is,  that  if  H  denote  the  number  of  non-equivalent 

P  D 

classes  of  Ideal  numbers,  Hs^-— — -  x  -.  In  this  formula  P  is  a  quantity 

defined  by  the  equations 

P=K/3)^(/3')^(/3*)...K/5^-0. 

*  See  on  this  subject  M.  KumnieT's  note  <'oii  ths  Irregularity  of  DstenBintnts"  tstbs 
Honslaberichte  of  tbe  Berliji  Acsdemy  for  1853,  p.  194.    M.  Kutotner'v  iDvestigatioii, 

however,  is  restricted  to  dssMS  sontsining  idesl  numbsis  /{fi)  such  that/(a))^(«~^}  is 

au  aclual  nuuiber. 

t  See  his  nicmoira  on  AritJinietical  ^grasiioBS,  in  the  TranMCtions  of  the  Berlin  Academy 
for  the  years  1837  (|>.  Ah\  and  1841  (p.  HI),  or  in  Liouville,  vol.  iv.  p.  393,  ix.  p.  25*.  Tlic 
fir^t  of  these  papers  relates  to  progresstoni  of  real  integers,  the  second  to  progresaiunti  of 
complex  numbers  of  the  form  a-^tL  In  the  msmoir  *'  Hcclierclioa  rar  divenw  applicstioiu 
de  I'analysc  infinitrMmide  ?i  l.i  Thcoric  dea  Nombres"  (Crellc,  vol.  xix.  p.  24,  xxi.  pp.  1, 
&  134),  Dirichlet  has  apphed  his  method  to  quadratic  forms  having  real  and  integral  co* 
vfltdentst  and  In  a  aubsequent  memoir  (Crelle,  vol.  xxiT.  p.  291),  he  has  extended  this  ap. 
jdirntinn  tn  rjiia  !i ntic  fomis,  of  which  the  coefficients  are  complex  numbers  cohtaining /. 
See  also  (Jrelle,  vol.  xwiL  p.  259,  xxi.  p.  98  (or  (he  Monataberiohte  for  1 8 to,  p.  49),  xxil  p. 
m  (Monstsboiehte  for  184 1 ,  p.  i  90).  We  shsil  bsvs  oeeuion.  ia  a  later  part  of  this  Keport, 
tegive  sa  shstiact  of  the  content!  of  this  hiTStusUs  series  of  neaMirs* 
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yeprMcntipg  a  primitive  root  of  the  equation  ^~^ssl,  y  a  primitive  root 

of  the  congruence  y^~*=l,  mod  X,  and  Yi*Y^y»*'"  ^^a*'  positive  resi- 
dues of  y,  y^,  y^, . . .  for  the  inoeIuIu3  X;  A  is  the  logarithmic  determinant 
(see  art.  42  of  this  I{f  port)  of  auy  system  of  f*— 1  fundamental  unit«,  aqd 
1)  the  logarithmic  Ueteriuiuaot  of  a  particular  system  of  independent  t>Ut  A9t 

Amdameotal  unita,  «{a),  e(aO(  K^^')  •  •  *  •  defined  by  the  equpitioti 

<^)^\A'  '"'^  'H'^  ±'^""'  <^    ±'-^  if  ii«r^  I 

m  ^ 

•0  that 

L.tf(a^),  L.tf(aY'),  ••••L»e(a^  *) 
L.e(aT),     L.fl(a^),  L.€(a'^),  ••••  L,^a^ 
L,e(aO,    L.«(a^),  L. «(«>*),  ....  L.<a^) 

P  D 

£acb  of  the  two  factors  toTwZi      ~>  of  which  the  value  of  |^  le 

D 

posed,  is  separately  an  integral  number.    1  hat  ^  is  integral  is  a  coQsequeocf 

of  the  relation  which  exists  between  the  logarithmic  determinant  of  a  systeni 
of  fundamental  units>  and  that  of  any  system  of  independent  units ;  that  P  ii 
divisible  by  may  be  rendered  evident  from  the  nature  of  the  ez* 

f  reesion  P  ttielf The  factor  ^*  tahen  by  ttsetf>  ittpmente  the  nuniber  of 

classes  that  contain  ideal  numbers  composed  with  the  periods  of  tvt'O  terms 
«-|.a~',  a'+a~^ ....  only ;  or,  which  is  the  same  thins:,  it  represents  the 
number  of  classes  each  of  which  contains  the  reciprocal of  every  ideal 

■umber /(a)  comprehended  in  it;  ^^x)^-!* ^      other  liandi  ie tlio  number 

of  clafscs  of  those  ideal  numbers  M'hich  become  actual  by  multiplication 

with  their  own  reciprocalsf.   The  actual  calculation  of  the  factor  ^  is  ex- 

*  ^# 
ti«mely  laborious,  aa  it  requires  the  preliminary  investigation  of  a  system  of 
fundamental  units.  For  the  cases  X=5,  X=7,  the  trigotu»metrical  units 
«(a^,e(aY^...are  themselves  a  fundamenUl  system^  so  that  in  these  two 

cases  DsA,  and  — s  +      The  computation  of  the  Hret  fuetor  7— -r — 

A  (2X)'*-» 
present:*  somewhat  less  difficulty ;  and  M.  Kuiumer  (thougli  not  without  great 
labour)  has  assigned  its  value  for  all  primes  inferior  to  100»  For  the 
primes  S,  5,  7i  lly  IS,  I7>  19,  that  velue  is  unity ;  for  '23  it  is  S,  and  then 
increases  with  extraordinary  rapidity;  so  that  for  97  it  already  amountit|l 
411322823001  =  3457x11891^2593.  The  asymptotic  law  of  this  inciiiM 
is  expressed  by  the  formula 

*  See  til e  investigation  in  the  next  article. 

t  Sec  the  note  alresdy  dted, "  <m  the  Iircgulsii^  of  Dete^lu^sntl,"  i|i  the  Maiiatshsridrtt 
for  1853,  p.  196. 
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when  X  increnscs*  without  limii.  It  will  be  Fccn  that  the  number  of  classes 
of  ideal  nuiiiburs  for  X  =  3,  X=5,  A=7»  is  unity  ;  i.  r.,  for  those  values  of  X 
every  complex  prime  is  actual.  In  the  absence  of  any  deteruiination  of  a 
Bystem  of  fundamental  units  for  X=ll,  Xsl3,  A=17>  and  X=:19»  it  is  not 
pOMible  to  say  whether  this  is  or  is  not  the  case  for  these  values  also.  But 

P 

from  and  after  the  limit  X=23,  llie  value  of  the  factor  , — r  iudicatea 

<2X>*-» 

thnt  n  complex  number  is  not  necessarily  a  complex  prime  because  it  is 

irrcsolubie  into  factor*'. 

51.^  CriUrion  oj  ihc  Divisibilitj/  of  H  by  X. — The  number  of  classes  of 
ideal  iiumbers,  which  we  have  syinbolized  by  H,  is  not  in  general  divisible 

by  X;  but  in  certain  cases  it  may  happen  that  it  is  so.   The  quotient  ^  is 

never  divisible  by  X,  except  when  the  other  factor  7—^ —  is  also  divisible 

by  X.  And  it  has  been  found  by  M.  Kummer  that  the  necessary  and  safficient 

condition  for  the  divisibility  of  ^^—-^  by  X  is  that  the  numerator  of  one  of 

the  first  ^^1  fractions  of  Bernoulli  should  be  divisible  by  X.  The  investi- 
gation of  thb  singular  criterion  depends  00  a  transformation  of  the  fnnetioa 

0(/3)  which  enters  into  the  expression  of  P.  If  we  represent  the  product 
(y/3  - 1 )  ^  (/3)  =  ( yy,_, - 1 )  +  (y _ (yy  _y +  (t yx^a*^ 
yk'-%^''^9  in  which  every  coefficient  is  divisible  by  X»  by 

{hm  denoting  the  quotient  yy*"-^*::!*?,  or  I  lOL^zi,  if  1  represent  the  greatest 

A  X 

integer  contained  in  the  fraction  before  which  it  is  placed),  we  obtain  by 
multiplication  the  equality 

or,  tioM  y +1  b  divMble  \tj  X,  tod  nay  be  euppoied  not  dirUble  by  X'ti 

C  denoUng  a  coefficient  prime  to  X.  The  congruence  -~ —       mod  X» 

is  therefore  equivalent  to  the  congruence 

S^O^)  ^^05'"*)  -  0,  mod  X, 

which  may,  in  its  turn,  be  replaced  by  the  following, 

Ky)  Ky")  •  •  •  '^(y^"')  ^0,  mod  x. 

For,  if  there  be  an  equation  which,  considered  as  a  congruence  for  a  given 
nioflnlus  X,  is  completely  resoluble  for  that  modulus,  any  svmmrtrical  function 
of  the  roots  of  the  congruence  is  congruous,  for  the  tiioduiu^  X,  ti)  the  cor- 
responding function  of  the  roots  of  the  equation,    i  he  function         y^/i  ) 

*  Liouvillc,  vol.  xvi.  p.  473.    The  formuin  is  given  without  dcinonstratiori. 

t..^"^.jr+^  Cr-|-^)''+l  both  of  them  divisible  by  Xi  but  onlv  one  of  them  can 
be  diviaims  by  X*,  since  theb  difference  is  not  divisible  Iw  X».  Wc  can  therefore,  without 
chsBgiog  r«  ri  •  •  •  Yk-v  dctemtine  y  in  aMOrdance  with  the  suppodaon  ui  the  test 
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...  i//(/3^~*),  wliich  is  a  symmetric  function  of  /5, /3^~',  the  root*  of 

the  equation  3^^  +  1=0,  is  therefore  congruous  to  i//(y)  »/.(7'')  ... .  xlf-/-^-^^ 

which  is  the  same  function  of  y,  y\  y\  . . .  y^~-,  the  roots  of  tho  con«;ruence 

mod  X.   lieoce  the  ucceesary  and  sufficieut  coudition  for  the 

P  * 
diviiibility  of  ^2\y-i     ^  ^  ^  coogrueooei  iDctttded  in  the 

formula 

'/'('/""O  — mod  X,  «=1,  2,  3  .../i*  (a) 

should  he  fatbfied.    Now  y-(*»-»)  »/'(y^"*'')  ^hr^S^'  +  W""'  i"  ^mTi^* 

4-  +&A-ty'!||^a*  obfenring  that  y,i  Yi»  y,*..yx-s  an  the  nomben 
1f%d»*.«X— 19  taken  in  a  certain  order,  and  introducing  the  valuea  of 
^pi  ^1*  ••• 

x=X-l 

y-^<*»-i>^(yi— I)  s  S  a*«-«I^modX. 

a?=l  ^ 

Thie  laat  eiprewion  may  be  further  transformed  ai  follows.  If/(«)  denote 
any  function  of    and  F(«)s:  2  we  have  the  identical  c4|naUon 

*=^— i    ^  .r=y— 1      .  .  V 

2  2  F(l^)=(y-1)F(X-1), 

y  and  X  being  any  two  numbers  prime  to  one  another.  To  verify 
thie  eauation,  we  may  construct  a  system  of  unit  points  in  a  plane ; 
then  the  right-hand  member  is  the  sum  of  the  values  of  / (ar)  for  all  unit 
points  in  the  interior  of  the  parallelogram  (0,0),  (A,  0),  (X,  y),  (0,  y) ; 
while  the  two  terms  of  the  left-hand  member  represent  similar  sums  for 
the  two  triangles  into  which  the  parallelogram  is  divided  by  its  diagonal 

y«— Xy=0.  Writing  then  in  this  identity  a:*""*  for and  employing 
the  symbol  Fgn-i  (')    represeut  the  sum  2     9^^\  or  rather  the  function 

4-/_l).t-iB^>    n.2«~i   , 

TV        ^•-»n.2.ii.«ii-«  • 

in  which  B^-.^Bto  are  the  fractions  of  Bernoulli,  and  which,  when  ae  ie 
an  integral  number,  coincides  with  that  sum«  ue  find 

S  1^^+    2      F*»_,  I  1^  =(y-.l)F,«.,(X-l). 

But  Fa,_,  (X-1)-Frt..i  (X)-X«"-»  is  evidently  divisible  by  X*  so  that 

2  S       Fft,,,   1      - ^  0,  mod  X. 

ar=l  *    ar=l  ^  /J 

The  congruences  (a)  may  therefore  be  replaced  by  the  congruences 

«=y— 1        r  X  "1 
2       Fsn_  I  I—  ^  0,  mod  Xt  which  may  be  written  in  the  simpler  form 
L  yJ 
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a;=  1  \ 

if  we  obienre  that  (X  being  prime  to  y)  the  numbeiB  1  -  ,  I^-,  •  • .  I  ^^^^^ 

are  coDgraoas  (mod  X)  to  the  fractioiis— ,  — , .  • .  •     — » taken  In  a  eer* 

y    y  y 

tain  order.  But,  by  a  cm  i  us  property  of  the  tuuctioQ  K^.^  deuioustrated 
fur  t|iQ  tirst  tiiitt;  by  M.  Kmutiier, 

The  condition  for  the  divisibility  of  II  by  X  is  therefore  that  one  of  the  /i 
congruences  included  in  the  formula  Bn  (y^*— 1)^0,  mod  X,  should  be  satis- 
fied. The  last  of  these  eongraences,  or  B,t  (y^—  1 ) = 0,  is  never  satisfied ; 
for  it  is  easily  proved  that  the  denominator  of  B^  contains  X  as  a  factor, 
while  y***  — I  =(y'*4-l)  (y^  — 1)>  though  divisible  by  X,  is  not  divisibli:  by  \'. 
And  since,  if  »</j,  y'"  — 1  is  prime  to  X,  that  factor  may  be  oinittcd  in  the 
remaining  —  ]  Congruences  ;  so  that  the  condition  at  which  we  have  arriTcd 
coiucides  wiLh  Lhut  enunciated  at  the  commencement  of  this  article. 

We  have  exhibited  Mt  Kummer's  analysis  of  this  problem  with  more  ful* 
ness  of  detail  tbsn»might  seem  warranted  by  the  nature  of  this  Report,  not 
only  on  account  of  its  elegance,  but  also  because  it  exemplifies  transforma- 
tions and  processes  which  are  of  frequent  occurrence  in  arithmetical  inves- 
tigation *. 

52.  ExccplionaV*  Primes, — A  prime  number  X,  which,  like  ii7i  59,  and 
07  in  the  first  hundred,  divides  the  numerator  of  one  of  the  first  fine- 

tions  of  Bernoulli,  and  which  consequently  divides  the  number  of  classes  of 
ideal  numbers  composed  wiih  Xth  roots  of  unity,  is  termed  by  M.  Kuwmer 
an  esBoqtiitmal  prime.    Such  primes  have  to  be  excluded  from  the  enunciation 

of  several  important  propositions  ;  and  their  theory  pre.sfnts  (lirticuities  which 
have  not  yrt  been  overcome.  Thus  the  following  propositions  are  true  for  ul! 
prime:>  oiUcr  than  the  exceptional  primes,  but  are  not  true  for  the  exceptional 
primes. 

(1.)  The  exponent  to  which  any  class  of  ideal  numbers  appertains  (see 

art.  49)  is  prime  to  X. 

(2.)  The  index  of  tlic  lowc-^t  power  of  any  unit  which  can  hv  expressed 
as  a  product  of  integral  powers  ol  the  trigonometric  units  is  prime  lo  X.  For 

that  index  is  a  divisor  of  ^  (see  art  42). 

(3.)  Every  complex  vnit  whieh  is  congruous  to  a  real  integer  for  the 
modulus  X  is  a  perfect  Xth  power.  (Whether  X  be  an  exceptional  prime  or 
pot,  the  Xth  power  of  any  complex  number  is  congruous,  for  the  modulus  X, 
to  a  real  integer*  viz.  to  the  sum  of  the  coefiicienta  of  the  complex  number.} 

*  la  LiouviUstieL  L  (Nsw  8«les)  p.      M.  Kronsefcsr  hss  gitea  a  very  liiiifle 
•trstioa  of  the  eoagmence 

2nX^  (y2«- 1)  1)  [12»^.22»4-. .  .^-(X_  i)5n.],  mod  X«, 

which,  eonbliied  with  saochsr  sstily  demoBatrstcd  fomralt,  viz., 

is»4.as»+..  (X-l)i»  5(^l>»-i  Bi.X,modXS  Ca</i], 

issdilminsdHsiely  to  the  tbsorsm  of  M .  Knau&sr. 
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(4.)  If  /(a)  denote  any  (actual)  complex  number  prime  to  X  (<.  e,  not 
divisible  by  1— a)»  a  complex  unit  e  (x)  van  always  be  a-i^tgned,  ftiioh  tllfti 
the  product  F(«j=c(a)/(a)  »haU  satisty  the  two  cougrueucea 

F(«)F(«-»)=[F(1)3',  wodX, 
F(«;^F(1),  mod  (!-«)». 
A  complex  number  satisfying  these  two  coiigrueutial  coaUitioas  U  called  a 
primary  complex  aomber;  tile  product 'of  two  primary  uumbers  i!>  there- 
fore  itself  primary.  This  defiaition*  in  the  particular  caso  XsS,  includes 
the  primary  numbers  of  art.  37,  taketi  either  positively  or  negatively. 

53.  J^ermat's  Theorem  fur  Complex  Primes. — Let  (p  (a)  be  an  actual  or 
ideal  complex  prime,  nnd  let  N  =  N .  ^  (a)  represent  iu  norm.  A  system  of 
N  actual  numbers  can  always  be  assigned  sucii  that  every  complex  number 
shall  be  congruous  to  one  and  only  to  one  of  them  for  the  modulus  ^(aj. 
These  K  numbers  may  be  said  therefore  to  form  a  complete  system  of 
residues  for  the  ipodulus  ^  (a) ;  and  by  omitting  the  taroi  divisiblo  by  f 
we  obtain  a  system  of  N  —  I  residues  prime  to  <p  (a). 

Let  q  be  a  prime  appertaining  to  the  exponent  Z',  so  that  N=y/,  ntid  let 
^  {it )  or  fp^  (fjn)  be  tlie  prime  factor  of  ^  whicU  ttpptirtains  to  the  substitution 
i|t=u«  i  the  iormula  .. 

<io4-«i  * +fs     4- • .  • (A) 
wUl  represent  a  complete  system  of  residues  for  the  modulus  ^^  if 
assign  to  the  coefficients  Ot,     a, . .  •  •  the  values  0>  1  >  2)  • . .  9— 1 ,  m  suooession. 

For if/f«)= »/'o( »?•)+«  +1  im)  + . .  +  •  i///-!  (m)  be  any  complez  DttBi* 

ber,y  (a)  is  congruous  for  the  modulus  9^  (i|t)  to  ^0  (uj  -f  a^j  (k^)    ,  t^ttf"^ 

+ /-I  (wo)»  because  Vo—tio  ^  0,  mod  (1/0) ;  lhat  is,  J\a)  is  congruous  to  one 
of  the  complex  numbers  included  in  (A)  ;  nor  can  any  two  numbers  05  + 
a,  a  -f  a'-f-  •  •  +  1  a-^^'  ^'"1  ''i  +  ^,  a+^a  a'^  +  . . .  +  /  ;  a  included 
in  that  formula  be  congruous  to  unc  another;  for  the  congiueiice  (ao — 60)  + 
«(ai— ^.)-l-a^*('»»— +*-^~ '(«/-!— ^/-i)^0,raod^j  involves, 
by  M.  Kummer's  theory  (see  art.  45  the  coexistence  of  the/ congruences 
oo— 60^0,  mod^;  a^—b^^O,  mod 9;  . .  .a/^j— ^Q,  mod  g;  i.  e,  thf 
identity  of  the  complex  numbers  a© +  3:' Oj-f. and  bo-^-ab^-^ 
.-\-af-^  b/^i.  It  is  worth  while  to  notieo  rhat,  if  y  be  a  prime  ap- 
pertaining to  the  exponent  1,  for  the  modulus  A,  1.  e,  li  (/  bu  of  the  linear  form 
t»X4-l»  the  r^al  numbers  0,  1,  2,  3...^— 1  will  represent  the  terms  of  a 
complete  system  of  residues  for  the  modulus  ^  (a) ;  but  if  ^  (a)  be  a  Ihelor 
of  a  prime  af^rtalning  to  any  higher  exponent  than  nnity»  a  completo  system 
irill  contain  complex  as  well  as  real  integral  residues. 

By  applying  the  principle  (yee  art.  10)  that  a  system  of  residues  prime 
to  the  modulus,  multiplied  by  a  re^idue  prime  to  the  intjilnlus,  produces 
a  system  of  reaiducs  prime  to  the  modulus,  we  obtain  thu  theorem,  which 
here  replaces  Format's  Theorem,  that  if  ^(u)  be  any  actual  number  primo 
to  ^  (fli5»      W3""*  —  ^ '       ^  (*)•  combine  with  thb  thoomm  tho 

principle  of  Lagrange  (cited  in  art.  11)  which  is  valid  fur  complex  no  less 
than  lor  real  prime  modules,  we  may  extend,  mutatis  mutandis,  to  the  general 
complex  theory  the  elementary  propositions  relating  tu  the  Residues  of 
Powers,  Primitive  Roots,  and  Indices,  which,  as  we  have  seen,  exist  in  the 
case  of  complex  primes  formed  with  oubic  or  Inquadratic  roots  of  unity,  Iq 
fact,  these  propositions  are  of  a  character  of  even  greater  generality,  and  may 
be  extended,  not  only  to  complex  numbers  formed  with  roots  of  unity  whose 
index  is  a  composite  number,  !>ut  also  to  all  coniplex  numbers  formed  with 
the  root<^  of  equations  iiavmg  integral  coefficients,  as  SOOU  as  the  prime  fgo- 
tort  of  those  complex  numbers  are  properly  defined. 
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54-.  M.  Kummers  Law  of  Reciprocih/. — We  can  now  enunciate  M.  Kuin* 

mfT*8  law  of  reciprocity.  It  appears,  from  the  last  article,  or  it  may  be 
proved  imuitdiatLiy  by  ilividiug  the  N— I  residues  of  ^(a^  into  X  group* 

of        term^  after  the  foUowing  scheiiie» 

(1)  ar^,  or^,  ....  ar^^^ 

(2)  «Vj,  aV^  .  • . .  oVn«  , 

T" 

(X— 1)       «^"Vjt  a^-S . . .  •  «^"'rj,_, 
aod  proeeediog  if  in  art.  85  of  thii  Report,  that  if  ^(«)  be*Bay  actnal  com- 

plez  number  prime  to  ^(a),  i/'(a)  ^  is  ooDgmotii  for  the  moduliis  ^(a)  to 
a  eectain  power  a*  of  a,   TJiit  power  of  «  nay  be  denoted  by  the  tymbol 

tfW-li^*  80  that  we  have  the  congruence  [^(a)j~^=  |^!t(?^J 

mod  ^  («>  The  symbol   i|*^J  ^  which  we  may  term  the  Xtie  charmcter 

of  (a)  with  regard  to  ^  (a),  b  evidently  of  the  same  nature  as  the  corre- 
sponding symbols  with  which  we  have  already  met  in  the  quadratic,  cubic, 
and  biquadratic  theories,  and  admits  of  an  extension  of  meaning  similar  to 
that  of  which  they  are  susceptible.    Availing  himself  of  this  symbol,  M, 

Kunmer  has  expressed  his  hiw  of  reciprocity  by  the  fonnnla  f^^^ '1  :s 

LfwJ  X  ^  *     denoting  real  or  ideal  primes.  But,  to  interpret 

this  equation  rightly,  it  is  important  to  attend  to  the  following  observations. 

(1.)  When  and  ^  (ci)  are  both  actual  numbers,  the  formula  supposes 
that  they  are  both  pnmary  prime  uttmbers.  The  prime  1  — is  therefore 
excluded* 

(2.)  The  dettniUon  that  we  have  given  of  the  symbol  becomes 

unmeaning  when  ^(<t)  is  ideal,  because  no  signification  can  l)e  ;isHL;ncrl  to 
an  ideal  nnmber  which  presents  itself,  not  as  a  modulus  or  diviaur,  but  as  a 
residue.  Let,  therefore,  h  denote  the  index  of  tlie  lowest  power  of  ^  (a) 
which  is  an  actual  number ;  t.     let  h  be  the  exponent  to  which  the  class  of 

^(a)  appertains;  and  let  l<p  (a)^  represent  the  actually  existing  primary 
complex  number  which  contaius  the  factor  <p  (a)  h  limes,  but  contains  no 

Other  prime  factor ;  then  the  symbol  |^^^*^  preceding  defint* 

tion  a  perfectly  definite  meaning.  Let  then  f^^^^l  we  mav  define 

(a)  J  A. 

the  value  of  the  symbol  [||^]^  by  means  of  the  equation 

j  =«*'»  which,  if  Abe  prime  to  A,  always  gives  a  determinate  value 
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a*  for  rf-7^1»  ^  being  defined  by  the  congruence  Ith^h',  mod  X.    For  the 

sjmbol  l^^^jj  *^  defined,  the  Itw  of  reciprocity  still  subsists,  subject 

however  to  the  condition  that  [rf)(3:)]*  is  priMnry, 

It  will  be  seen,  therefore,  that  the  f  xct'|Uional  primes  of  art.  52  are  ex« 
eluded  from  M.  Kumnaer  s  law  of  reciprocity,  for  a  twofold  reason  ; — first, 
becaiwe  if  X  be  one  of  thoee  nnmben,  the  definition  of  a  primary  number  if 
not  in  general  applicable;  and  secondly,  twcanseit  on  the  same  Sttppoiition^ 

the  symbol       ^^v^l  "*^y  become  unmeaning. 

55»  ThB  Theatmi  comptemenim'y  io  M»  Kummert  Law  cf  JRedprocUy,^ 

The  priino  T— a,  and  its*  conjugate  primes,  as  woll  as  the  complex  unit«5, 
are  excluded  from  the  law  of  n^ciprocity;  but  complementary  theorems  by 
which  the  Atic  characters  of  these  numbers  may  be  determined  have  been 
given  by  M.  Knmmer*    For  a  Bimple  unit  a*,  we  have  the  formnla 

N-l 

^  •  WithregaidtoX,  whichiathenormof  l^a,  iinukylw 


observed  that  if  0  (a)  bo  n  prime  factor  of  n  real  prime  f/  npportiining,  for 
the  modulus  X,  to  any  exponent / difterent  li  om  unity,  i.  e,  it  q  be  not  of  the 

linear  form  mX+lt  the  character  of  every  real  int^er,  and  therefore  of  A» 

qf  1 

with  respect  tof  (a)  b-|- 1,  beeanse^if/^  1,         »  divisible  by  ^— I*  Bol 

whatever  be  the  linear  form  of  ^,  the  eharaeterisHe  of  X  or  x(X)  (for  so  we 
shall  fur  brevity  term  the  index  of  a  in  the  equation  ^^"^J  ^^^)>  ^ 
fcrmined  by  the  eongroence 

x(x)^iDMniodX, 
Dx  being  the  valoe  (for  «bO)  of  the  diflerentiat  coefficient  ^  ^*^J 

if  f  («)  be  an  actually  eiisteat  number,  or  of^^'^^^^'^  if  it  be  ideal, 

To  obtain  the  characteristics  of  the  nnila,  M.  Kummer  considen  the  lyttem 
of  independent  units 

defined  by  the  formula 

In  which  e  (a)  represents  toe  trigonometrical  unit  of  art.  50,  and  y  is  the 
same  primitive  root  of  X  which  occurs  in  tlie  expremiim  of  ^ (a)*  We  have 
then,  forx       (a")]  and  x(l— the  forroule 

X  [t:^        ^  (-1/ (y'*- i )         D^.^  mod  X, 


- B,  Dx^^  +.,..  +  (-  1)M  B^.,  D, 
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N  representing  the  norm  or  <p  (a),  B|,  B, . . .  Bf^-i  the  fractioof  of  Bernoulli^ 
and  i)^  the  value  of  the  (iiHercdttfll  coefficient 

ij£K  *  (fl  for  £L!2£lii£lil)  for  .=0. 

These  formnlaj  do  not  ]u  ^jmpral  iiold  for  tlio  cxceptlonttl  prime  numbers  X, 
whirh  divide  tlio  mimerator  of  one  of  the  first  /i — 1  fractions  of  Bernoulli. 
This  is  evident  from  the  occurrence  in  Uu  ni  of  the  coefficients  Dm*  which  if 
(a)  be  ideal,  and  h  be  divisible  by  A,  may  acquire  denouiinatori  divisible 
y  X,  thot  rrndering  the  eongruencei  nugatory.  It  ii  aofficient  to  have 
determined  the  characterlsticii  of  tlie  particular  system  of  unita  (a),  (a). 
. . .  E^i,  (a),  because,  as  that  syatem  ia  iDdepeodenty  every  other  unit  e  (otj 
ia  iiiolttded  in  the  formula 

e  («)~ &1  («)■•   En_i  («)»M-i  J 

aO  that  X  iDAy     foand  from  the  coDgruence 

X  [«  (*)]  ^  S        mux  CE* («)].  mod  A, 

wliifeh  cannot  become  unmeaning,  except  in  the  case  of  the  exceptional 
primes,  because  if  D'  be  the  logarithmic  determinant  of  the  ^aCem  of  oniCs 
£i  («X  ^  (*)*  •  •  •  ^•"i  M>^  and  A  retaining  the  meatflngs  asi^ipnod  to  them 

D'  D'    D'  D 

in  trt  BOt  it  may  be  lihown  that  _  is  prime  to  X»  and  therefore  —       x  —  i* 

also  prime  to  X;  i.  «.,th('  lienuminators  of  the  fractions  wipW?., . , .  m,,.  5  arc  prime 
to  X  (see  art.  4-2).  But  M.  Kummer  has  also  given  a  formula  whic  h  a^i*igns 
directly  the  oharaotertstle  of  any  unit  e  (a)  arhatsoever.  If      denote  the 

value  of  the  differential  coetficieut '  •  for  v^Ot  we  have 

X  C« =  ^—--^  ^  I>A-rt.  mod  X*. 

^  k-\ 

56.  We  have  already  obsprvpd  («.-ee  art.  39)  that  it  is  impossible  to  di  duce 
a  proof  of  the  highest  laws  ot  reciprocity  from  the  formulae  which  pre- 
sent themselves  in  the  theory  of  the  division  of  the  circle.  It  is  true  (aa  we 
kball  preeeotly  see>  that  the  formule  IV.  and  V.  of  art.  90  deterroitte  tb« 

decomposition  of  the  real  prime  p  (supposed  to  !)e  of  the  form  Kk^  1 )  into  ita 

X  — 1  complex  primp  factors;  but  it  will  !)n  jirrrrivtHl  tlmt  these  complex  fac- 
tors occur,  not  isolated,  but  comhiifcd  in  ;i  ]  at  iicular  manner.  From  equation 
\X.  of  tlif>  nrticle  cited  we  infer  that  p  =  \l  ^a)  yh  let  then  {a.)—J\aJ 

J  (aj  . . .  .y  (a^) ;  a^,     . .     being  fi  different  roots  (of  which  no  two  are  re- 

ciprocala)  of  the  equation  -.=1 ;  ao  tbat/(«i)*/(sik)»  • .  •/(«E|t)  are  one* 

a — I, 

half  of  t6e  oomplek  primes  of  which  p  la  composed ;  if  e  (a)  be  atif  real 
unit,  satisfying  the  equation  e(a)^t  ),  it  is  plain  that  e  (aj*  t  (a,)*.  • . 
«  (%y  =  1,  or+Ca)  =  ±e  («,)/(*,)  Xe  («,)/(«,) . .  •  X*  (%)f(th.h  The 
consideration,  therefore,  of  the  number  J/ (a)  cannot  supply  us  with  any  de- 
termination of  the  Xtic  character  of  /(a,)  which  will  not  equally  apply  to 
/(ajxe  (a,).  Hut  for  all  values  of  X  »;reater  than  3,  the  number  of  real 
complex  unit^i  is,  as  we  have  seen,  iiiiinile ;  and  the  character  of  any  com- 
plex prime / (a)  with  respect  to  any  other  complex  prime  evidently  changes 

*  TIm  f<mnal«  of  tUs  sifidS  srs  tskea  fttnn  M«  Xmnaisr's  woaad  memoir  an  the  eou- 
plsmeata^  thaoraas  (CraUei  voL  hi  p.  870> 
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when /(cl)  is  multiplied  by  a  unit  of  which  the  Xtic  character  is  not  unity. 
The  inapplicability  of  the  formulse  of  art.  30  to  any  general  demonstration  of 
the  law  of  reciprocity  is  thus  apparent.  The  only  equation  of  reciprocity 
that  has  been  elicited  from  them  is  the  following: — 

iu  which  ^  (a)  is  a  complex  prime  factor  of  a  prime  number  p  of  tlie  form 
mX+I,  and  g,. . . .  are. .the  e  conjugate  factors  of  a  prime  naqiber  a 
appertaining  to  the  exponent/  for  the  modulus  \.  This  equation,  which,  if 
we  adopt  the  generalized  meaning  of  the  symbol  of  recipracltj,  may  be  Wtllf 

ten  more  briefly  thus,  ('^        =(~9\  ,  was  (Int  obtained  by  Elielistein^ 

who  inferred  it  from  INI.  Rummer's  investigation  of  the  ideal  prime  divisors 
of  v^(a)  (sec  a  note  addressed  by  Eisenstein  to  Jacobi,  and  communicated 
by  Jacobi  to  the  Berlin  Academy,  in  the  Monatsberichte  for  1850,  May  30, 
p.  1  .SL)).  In  a  later  memoir  (Crelles  Journal,  vol.  xxxix.  p. 351)^  Eisenstein 
proposes  alt  ingenions  method^repostng,  however,  on  an  undemonstrated 
principle — for  the  discovery  of  the  higher  laws  of  reciprocity ;  but  it  would 
seem  that  the  application  of  this  method  failed  to  lead  him  to  any  definite 
result;  and  it  is  unquestionably  to  M.  Kummer  alone  that  we  are  indebted 
for  the  enunciation  as  well  as  for  the  demonstration  of  the  theorem. 

57«  M.  Kummer  appears  to  have  waited  until  he  had  developed  the  theoiry 
of  complet  numbers  with  a  certain  approtlmatlon  to  completeness,  before 
proceeding  to  apply  the  principles  he  nad  discovered  to  the  purpose  which 
he  had  in  view  throughout,  the  investigation  of  the  law  of  reciprocity.  He 
succocdt'd  in  discovering  the  law  which  we  have  enunciated,  in  the  year 
181-7,  and,  after  verifying  it  by  calculated  tables  of  some  extent,  he  commti*^ 
Dieated  It  to  Dirichlet  and  Jacobi  in  January  1848,  and  •ubseottently,  in 
1850,  to  the  Berlin  Academy,  in  a  note  which  also  contained  the  demonttft* 
tion  of  the  complementary  theorems  relatiAg  to  the  unit^,  and  the  primt 
divisors  of  \.  From  the  analogy  of  the  cubic  theorem,  it  was  natural  tO 
conjecture  that  the  law  of  reciprocity  would  assume  the  simple  form 

)       pnmw  P\  Md     redncedt  by  maltipliettioa  with  proptP 

complex  units,  to  It  form  satisfying  certain  congruentiat  oonditlons.  But 
to  determine  properly  these  conditions,  i.  e.  to  assign  the  true  definition 
of  a  primary  complex  prime,  was  no  doubt  the  principal  difficulty  that  M. 
Kummer  bad  to  overcome  in  the  discovery  of  his  theorem.  If  \  =  3,  the 
single  congruence  /  (a)  -^/(l)»  mod  (1 —a)',  sufficiently  characterizes  a 
primary  number;  and  since,  whatever  prime  be  represented  by  X,  that  con> 
gruence  is  satisfied  by  one^  and  one  only,  of  the  nomben  iDclnded  in  tlie 
formula  a* /  (a),  it  was  probable  that  it  ought  to  form  one  of  the  eon* 

fruential  conditions  included  in  the  definition  of  a  primary  complex  prime, 
n  determining  the  second  condition,  ISI.  Kummer  appears  to  have  been 
guided  by  a  method  which  depends  on  the  arithmetical  properties  of 

the  logarithmic  expansion  of  a  complex  number.  If  we  develope  Iqg/i^ 

in  ascending  powers  of^^^^^^l}  and  represent  by  ^^^j^ 

ber  of  terms  which  remain  in  this  expansion  after  rejecting  those  which  are 
congruous  to  zero  for  the  modulus  A,  we  ate  led)  after  some  traneforaittioaii 
to  the  congruence 


Digitized  by  Google 


144 


RXPOET*1860. 


-L-^  -  D,  X,  («) + D,  X,  (a)  +  . . .  -f  Da-.  Xa-,  (a),  mod  X, 

»=X-2 

where  Xft(a)  represents  the  function  £     y-i*  a/^  and  D*  denotes,  as  in 

art.  55,  the  diffhrential  eoefficient  -•   •  In  thb  eongnienee  the  fim 

coefficient  alone  is  altered  wbon  / (a)  is  multiplied  by  a  simple  unit ;  and  only 
the  even  coefficients  are  altered  f(a)  U  multiplied  by  a  real  nnit-  Now 
is  rendered  congruous  to  zero  by  the  condition / (a)  = J niod  (i  —a)'; 
and  M.  Kammer  has  shown  that,  by  multiplying /(a)  by  a  properly  choien 
ml  unit,  D,,  D«,.  •  .Dx-s  vuif  be  similarly  made  to  disajipear,  so  thai  we 
obtain 

-  ^  D,  X,(«)  +  D.  X.(a)  -h  . . ,  +  Da-»  X  mod  \, 

a  congruence  which  is  proved  to  invoU'e  the  second  congruence  of  condition 
satixfieU  by  a  primary  number,  i.  <?./(a)/(a-')  mod  X*. 

58.  The  methods  to  which  M.  Kumuier  at  iival  iiad  recourse  in  order  to 
obtain  a  demoostiation  of  his  theorem*  consisted  in  extensions  of  the  theory 
of  the  division  of  the  mrele.  By  such  extensions  he  demonstmted  the  com- 
plementary  theorem*,  and  even  a  particular  case  of  the  law  of  reciprocity 
!t<elf — that  in  which  the  two  complex  primes  compared  are  ronjiigate.  But, 
after  repeated  etibrts,  he  found  himself  compelleii  to  abandtin  these  methods, 
and  to  seek  elsewhere  for  more  fertile  principles.  "  I  turned  my  attention," 
he  says,  *'to  Gauss's  second  demonstiation  of  the  law  of  quadratie  recipro- 
city, M  liich  depends  on  the  theory  of  quadratic  forms.  Though  the  method 
of  this  demonstration  had  never  been  extended  to  any  other  tlian  qnndratic 
residues,  yet  its  principles  appeared  to  me  to  be  characterized  by  such 
generality  as  lexi  me  to  hope  that  they  might  be  successfully  applied  to 
residues  of  higher  powers ;  and  in  this  expectation  I  was  not  disappointed  t." 

M,  Kuromer*!  demonstration  of  the  law  of  reeiprocity  was  eommnnieated 
to  tbe  Aeadeniy  of  I3erlin  in  the  year  i858|  ten  years  after  the  date  of  his 
first  discovery  of  it.  Ati  outline  of  the  demonstration  is  contained  in  the 
Monatsbpriclite  lor  that  yt  ar;  and  it  is  exhibited  with  great  clearness  and 
fulness  of  detail  in  a  memoir  published  in  the  Berlin  Tran^ciions  for 
1859,  which  contains  what  is  for  tbe  present  the  latest  result  of  seienoe  on 
a  problem  whiehf  if  we  date  from  the  first  enunciation  of  the  quadratie 
dieorem  by  Euler,  has  been  studied  by  so  many  eminent  geometers  for 
nearly  a  century.  It  would,  however,  be  impossible,  without  exceeding'  the 
limits  within  which  this  Report  is  contiiied,  to  f^ivc  an  account  of  its  contents, 
which  should  be  intelligible  to  persons  noi  already  familiar  with  the  subject 
to  which  it  refers.  Taken  bj  itself  the  demonstratioa  of  the  theorem  is^  indeed, 
ittfficiently  simple;  but  it  is  based  on  a  long  series  of  preliminary  researches 
felating  to  tbe  complex  numbers  that  can  be  formed  with  the  mots  of  the 
cf^tmtion  io*'=D  (x)^  in  which  D(a)  itself  denotes  a  complex  number  com* 
podcd  of  Xth  roots  of  unity,  'i'o  those  rcseai  ciies,  and  to  the  demonstration 
of  the  law  of  reciprocity  founded  on  them,  we  shall  again  very  bnetiy  referi 
when  we  come  to  speak  of  tbe  corresponding  investigations  in  the  theory  of 
quadratic  forms,  an  acquaintance  with  which  is  essential  to  a  comprehension 
of  the  method  adopted  by  M.  Kummer  in  his  memoir*  We  may  add  that 
M.  Kummer  has  intimated  that  he  has  already  obtained  two  other  dem<m- 

*  Crdle,  vol.  xKt.  |k  130-140.  f  Sss  the  Beriia  TniuseUout  for  1859,  p  29, 
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strations  of  his  law  of  reciprocity,  which,  though  they  also  depend  on  the 
coTHidt  ratioTi  of  complex  numbers  containing yet  donot  leqoire  the  fame 
ComjiUcateii  ) ireiiminary  considerations. 

59.  Complex  JS'unibers  compond  of  Eoats  of  Uniti/,  of  frhich  the  Index  is 
M  a  PrimB^ln  a  epeetal  memoir  (see  the  list  iu  art.  l-l,  note,  No.  16), 
M.  Kummer  has  oooeidered  the  theory  of  comples  nnmben  composed  with 
a  root  of  the  equation  1,  in  which  n  denotes  a  compoaite  number*  Thit 
primUiv  rooU  of  this  equation  aie  the  roots  of  an  inedneible  equation  of  the 
form 

n  (•!?- 1 )  n  (wft*;^-.  1 ) . . , , 

Pi*PvP»f  •  •  •  •  *ienoting  the  different  prime  divisors  of  If  (n)  be  the 
number  of  numben  less  than  n  and  prime  to  it,  F  (&»)  is  of  the  order  }L  (n), 
nod  every  complex  number  containing  w  ean  be  xednced  (and  that  in  one  way 
only)  to  the  form/ (•»)««,+«, w+a, +  a^^,j_jii^w-i ,  The 
numbers  conjugate  iofUt)  are  the  ^  (fi)  numbers  obtained  by  writing  in 
succession  for  la  the  (n)  primitive  roots  of  u»"  =  I ;  and  the  norm  off  '  ' 
is  the  real  and  positive  integer  produced  by  multiplying  together  the  ^ 
conjugates.   If  ^  be  a  prime  number  not  dividing  n,  the  sum 

in  which  the  scries  of  terms  is  to  be  continued  until  it  begins  to  repeat  itself^ 
is  termed  a  period.  The  n  periods  m^,  w^,.. .  m„  remain  unchanged  if  for  m 
we  write  etc.    Hence,  if  q  appertain  to  the  exponent  t  for  the  modu- 

lus n  (i.  e.  if  q  satisfy  the  congruence  j''  =  1,  mod  n,  but  no  congruence  of  a 
lower  order  and  similar  form),  the  number  of  different  numbers  coniugate  to 

a  given  complex  number  containing  the  periods  only  is  at  most  for 

!>rcvky,  a  complex  number  eoutoining  the  periods  only^for  eiample,  the 
number 

may  be  symbolized  by  / (w  J,  so  that 

If  I,  r,.  r,, ...  are  a  set  of  ^-^^  numbers  prime  to  n  and  such  that  the  quo- 
tient nf  no  two  of  them  (considered  as  a  con^ruontial  fractionf)  is  con<»ruou9 
fur  the  modulus  n  to  any  power  of     the  numbers  conjugate  to /(w)  may  be 

*  The  IncdiidMlity  of  the  equsthm  t-Zi=0  when  a  is  t  wtmo  was  fint  sstsbUihed  hv 

GaoM  (Dtsq.  Arith.  ui.  341).  For  other  and  simpler  demonstrations  of  the  same  theorem, 
•ee  the  memoirs  nf  ^t^I.  Kroiicckcr  (Crellc,  xxix.  p.  2R0,  ami  Liouville,  2n(l  scries,  vol.  i, 
p.  399),Schoenenauu(CreUe,vol.xx\-i,  p.  323,  vol.  xxiii.  p.  100,  &  vol.  xl.  p.  188),  Eiscnstein 
CCfoiIfl^vol.xxaii.p.  166),  and  Son»t(UouviUc,vol.xv.p.296).  The  principles  on  which  ibese 


taomlmlioai  depend  loflee  toeiktblith  the  irredndbUity  of  the  equation-' -  0, 

but  they  fail,  as  M.  Kronorker  has  ohscrved,  tr>  furniih  the  corresponding  demonstration 
when  II,  as  in  the  text,  is  a  product  of  powers  of  diilcrent  primes.  This  demonstration  was 
llrat  given  by  M.  Kroneckcr  (Liouville,  vol.  xix.  p.  177),  who  baa  been  followed  by  U.  Do- 
dekind  (Crdfe,  vol.  liv.  p.  27),  ami  by  M.  ArwV  (if,,  hi  p.  178). 

t  for  the  definition  of  a  congrucntiai  fraction  i>cc  art.  1  i. 
I860,  I. 
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rnprr«?rntpd  })y  f  (isr,),  f  {'^r^^  f       )   ppriods  are  the  roots  of 

ci  rtaiii  irreducible  equatioim,  each  of  whicli  is  complrtcly  resolnhlr  when 
considered  as  a  congruence  for  the  modulus  q ;  and  the  ruots  . . .  of  the 
ooDgruenoes  are  coiiBdi^d  with  the  roote  v,,  v.^, ...  of  the  equations,  by  a 
relation  preeiiely  similar  to  that  enunciated  in  art.  44.  This  relation  M. 
Kummer  has  established  by  introducing  certain  conjugate  complex  numbers* 
^(ts-j),  ■^I'fTr,,),  (-aTrj  ), . . .  involvirvj  fhc  poiind'^  only,  not  thcmsrlvps  divi* 
sible  by  q%  but  each  satisfying  the  n  rongruenci  <  inc  luded  in  the  formula 

^  (cr^)  (or*r— ttt)  =  0,  mod 

From  these  congruences  it  is  easy  to  inter  that,  if f       ^ir,  ■ .  •  .tEr„r)  =  0 
be  any  identical  relation  subsisting  for  the  periods,  a  similar  relation 
/  (■'i'  ('at  •  •  •     ^  0)  ^^11  BUDBist  for  the  numbers  tii»  ti,, . .  •  ff* ;  for 

we  find 

%  ^:2r,  .  .  .  )  ^      (^r)f(^l*  «t  •  •  •  )»  ""O**  9» 

f.  c./ (t/j,  7r,  .  . .  )  0,  mod  (/.  Anotlier  important  property  of  the  complex 
number  ^  (ttr,)  is  tiiat  it  is  congruous  to  zero,  mod  y,  for  every  one  of  the  sub- 
stitutions rff^=:u^f  t7,=:Ur„  m^=Ur^^ . . .  cxcept  the  first :  thus  the  congruences 
^  =  0,  *  (m,^)  =  0  are  satisfied, . . .  but  not  ^  (m,)  ^  0,  mod  q.  If, 
theui/ (u)  be  any  complei  number  satbfying  the  congruenee  ^  (^r)"* /(*>») 
=  0,  mod  5^,  but  not  the  congvucnce  ^I'  (wr)""^*/ (w):=0,  mod  jf^+^t/Cw) 
ia  aaid  to  contain  m  times  precisely  the  ideal  factor  of  g  corresponding  to 

*  Thsie  eomplex  numbers  are  defined  ss  foiltfws  (see  the  nseinoir  tited  at  the  con- 

mencement  of  this  article,  sect.  3,  and  that  in  Crellc,  vol.  Kii.  p.  142) Let  «^  be  a  period 

satisfying  the  irreducible  equation  ^  (trjfc)^O,  and  let  ...  be  the  incongruous  roots  of 

^  (y)  =^  0,  mod  g,  li^,  i^^i  •  • .  the  remaining  terns  uf  a  complete  system  of  residues,  mod  g,  so 
that  ^       ^       ....  are  prime  to  g.   Since  Wj^^  =  v^,  mod  g,  and  w^t^ =17;^,  we  have, 

by  Lag^ge'i  indetennbate  congmence  (see  art.  10  of  this  Report) 

(wjfc— «i)  (tr^-flj)  ....  (tr^-^i)       -^a)  . , .  .50,  mod 

aff  siaea  w^—bi  divides  ^  etc., 

♦      f  (*.)•••  •  (wjr-at)  (tr*-«i)  ...=0,  mod  £; 
i.    (wj^'-'Oi)  (wjfc— a,). .^0»mod9«  We  may  now  coasiderihe  a  seiiss  of  ftdon 

corrf^spondin^  to  the  it  val'ii"s  of  X  [tbe  niimbcr'i  a  ,  a  ., . . .  arc  of  course  the  same  for  two 
|)eno(i8  which  satisfy  the  same  irreducible  equation,  but  not  in  general  the  same  for  any 
two  periods],  and,  retaining  among  these  factors  only  thoie  which  arc  diflfierent,  we  may 
take  for  ^  (m.)  the  comple  x  number  formed  by  combining  as  many  of  them  as  possible,  in 
such  a  manner  as  to  give  a  product  which  is  not  divisible  by  g,  but  which  is  rendered  divi- 
sible by  9  by  the  accession  of  any  one  Ikctor  not  aheady  conlidned  in  it*  It  is  eiident  that 
^  (tir,)  cannot  contuin  all  Ibc  factors  wj^—fl,,  nrjt  — o., . . . .  ;  let  us  then  denote  by  «^-^a^ a 
iMStor  which  is  not  contained  in  Nl'ftr,);  we  thus  obtain  tbc  relation 

OT)  changing  the  primitive  root  ut  into  w'', 

^  (wr)  (f^rk-^)  ^  0,  mod  q. 

The  conjugates  of    (ttr,)  arc  all  complex  numbcn  foraaed  aeoovding  to  the  same  law  aa 

^(tr,)  itself ;  BPd,  bpsidc^  ^  (w,  )  and  its  conjugates,  no  other  com pV-x  number  can  be  formed 
according  to  tiiat  law.  Ali>o  the  number  wlxich  corresponds  to  u  givcu  period  is  ab- 
admely  deCeimined  as  seen  as  we  have  selected  the  multiplier  Sr  (v,) ;  for  if  two  of  Che 
fretors  fr^—Oi,  tr^— flj, . . .  were  absent  from  *  (w,)  we  should  have  ^  {w^)  (tr^t— sO, 
)  (t^.— o.JssO,  mod  g\  and  thence  (fl,  — «  *  ^i'  (-^u  —0,  mod  g,  contrary  to  the  hy- 
pothesis that  and  a«  are  incongruous,  and  that  J  is  uot  divisible  by  g»  Tbe  corre- 
spoadeace  of  the  numbers  %,«,,....«„,  with  the  periods  Vj,  -v.j, . . .  w„,  can  thus  be  fixed 

in  SA  txiany  ways  as  there  are  numbers  conjugate  to     {v^),  i.  e.  iu  ^^L^  diilereiit  ways. 
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the  substitution  Vkr=Uk'  Since  it  can  be  shown  that  the  numbers  conjugate 
to     (tvj  are  all  different  from  one  another,  it  follows  from  the  definitiont 

that  the  quotient         represents  the  number  of  conjugate  ideal  prime  fae- 

tors  contained  in  the  real  prime  ^,  appertaining  to  the  exponent  t.  If  q  be  sl 
divisor  of  n,  the  definition  of  its  ideal  factors  requires  a  certain  modification* 
which  we  cannot  here  particularise.  (See  sect*  6  of  M*  Kummer's  Memoir.) 

The  two  definitions,  corresponding  to  the  cases  of  g  prime  to  and  q  a 
divisor  of  «,  enable  us,  when  taken  together,  to  transfer  to  the  general  case 
when  n  is  conipusite,  the  elementary  theorems  already  shown  to  exist  when 
n  is  prime  (see  art.  47).  We  uiav  add  that  it  is  easy  to  prove,  in  the  general 
as  in  the  special  case  (see  art  48},  that  the  number  of  ckutes  of  ideal  num- 
bers is  finite. 

60.  Application  to  the  Theory  of  the  Division  of  the  Circle, — We  cannot 

quit  the  siibject  of  complex  numbers  -without  mentioning  certain  important 
investigations  in  whieli  they  have  been  successluiiy  employed.  The  first 
relates  to  the  problem  of  the  division  of  the  circle.    In  this  problem  the 

resolTeat  funetion  of  Lagrange     2    0*0^  (see  art  90)  is,  as  is  well 

known,  of  primary  imftortnnce.  Retaining,  with  a  slight  modification,  the 
Dotation  of  art.  30,  and  still  represcntiug  by  X  a  prime  divisor  of  p— l*  and 

by  ff  a  root  of  the  equation        ^0,  let  us  consider  the  function  F  (a,  x\ 

a—i 

which  is  a  particular  case  of  the  resolvent,  and  let  us  represent  the  quotient 
?i^^|M£)by^.(a).   We  thus  find 

and  in  particular,  obsenring  that  F  (a,  x)  F  (a^^S  |>, 

[F  («,  (a)    (a) . . . .       (a)  (2) 

a  result  which  is  in  accordance  with  the  known  theorem  that  [F  (a,  a")]^  is 
independent  of  a?  and  is  an  integral  function  of  a  only.  The  resolution  of 
the  auxiliary  equation  of  order  A,  the  roots  of  which  are  the  \  periods  of 

£zi.  roots  of  the  equation  ^^^zi  =o>  depends  solely  on  the  determination 

of  the  complex  numbers  (a),  ^//j  (a), . . . .  i^'a-s  For  when  these  com- 
plex numbers  are  known,  we  may  equate  F  (a,  x)  to  any  Xth  root  of  the  ex- 
pression pt^i  (a)  (a)  . . .  \//x-2(a);  from  the  value  of  F  (a,  x),  tlius  obtained, 
those  of  F  (a^  a.),  F  (a',  x)....  may  be  inferred  by  means  of  equation  (1); 
and,  lastly,  from  the  values  o  f  F  (1 ,  ar),  F  (a,  a:), . . .  F  (a^-',  x),  the  values  of 
the  periods  themuclves  are  deducible  by  the  solution  of  a  system  of  lin^UT 
equations.  To  determine  the  numbers  (a),  i/z^  (a), . . .  M.  Kummer  assigns 
the  ideal  prime  factors  of  which  they  are  composed,  employing  for  this  pur- 
pose the  results  cited  in  art.  30.  The  equation  {oi)^k{.0''~^)—P  shows 
that  v^-i  (a)  contains  precisely  \  {p  —  \)  ideal  prime  divisors  of  p,  and  no  other 
complex  prime.  distinguish  the  prime  factors  of  p  contained  in  v^t  (a) 
from  those  toutumed  ui  ^a->)  M.Kummer  avails  himself  of  the  congruence 
V.  of  art.  SO,  viz., 

(y) s  —        „  ^  mod;>. 
Let  X'=s i^-i  and  Msy^',  mod     so  that  ti,  u\ . .  .ti^-»  are  the  roots  of 
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—     50»  mod p;  al$o»  to  adapt  the  formulsB  of  art.  SO  to  our  present  par* 

pose,  let  0^^'s=a,  m=/V,  «=:A\';  it  will  result  from  tliese  substitutions,  tliat 
\l/if  =  0,  mod/),  if  k  and  h  satisfy  the  uieiiuality  ^AJ  +  £AA3  ^X*  where 

[A]  and  [AA]  are  positive  nnmben  IcM  thaa  X,  and  oonsmoiiSt  mod  X,  to  A 
and  respectively*  If  we  represent  by  / (et)  the  ideal  prime  factor  of  p 
which  appertains  to  the  substitution  a^u,  this  may  be  expiessed  by  saying 

that  ^l^k(a)  contains  the  factor /(a-*),  if  j^ij  +  j^^  j  >  X,  the  symbols 

and  I^^J  denoting  the  least  positive  numbers  satisfying  the  oongmenees 

he=l,  mod  X,  and  hje^k»  mod  X.  Assigning,  therefore^  to  the  number  k 
every  positive  value  lets  than  X  compatible  with  this  ooiiditieiB»  we  may  write 

±«'n/(«-*), 

+  a*  being  a  siiuple  unit  which  tuay  be  determined  by  the  congruence 
(a) ss —It  mod  (I  —a)'* :  It  is  not  necessary  to  add  a  real  complex  unit^ 
for  a  reason  which  has  already  appeared  (see  art.  56,  supra).  From  the 
expression  for  ^(a)  a  still  simpler  formula  for  F  (a,  jt)^  may  be  obtained, 
vii.  »i=X-.l  fll 

[F  (a,  x)y=  ±a'U  t- 

WJ  =  1 

61.  ApplietUkn  io  Ae  Latt  Theorem  cfFermaL — The  second  investigation 
to  which  we  shall  advert  relates  to  the  celebrated  proposition  known  as  the 

*<  Last  Theorem  of  Fermat,"  viz.  thai  the  equation  x^+^^^^r"  is  irresoluble^ 
in  int^pral  numbers,  for  all  values  of  n  greater  than  2}.  As  Format  himself 

*  Theaumben         sre  primmjf  secording  to  M.  Komnsc^s  definition  (srt.  BS)  i  lor 

.  ,  ,     F(«,*)  P (•*,«)      «  .  t„    ,  ,.  .    ,    .  « 

a.(s)s3    '   ,  .\, — : — Bsjm'i^'yK  the  summatiOQ  exteutunfr  to  cvsiy  piir  of  values  of 

•  F  («*■♦■ ',jr) 

y,  and  y_j  that  satisfy  the  congnicnee  +  ~  1,  moil  p,  In  which  y  represents  the  same 
primitive  root  of  p  that  occurs  in  the  expression  ¥  {m,  s).  Hence  ■4ft{l)  =  p  —  2~—l, 
mod  X,  and  '4'k  im~^)-p^  1  ~        (1)]',  mod  X.    Also      («)  — (1)  is  (hvisible 

by  (!-«)-;  for  ^^•;t(!>  =  3fy,•f  *y  )  =  i  (l-H-t)  (/J-2),  observing  that  y,  and 

rccene  all  the  values  1,  2, 2  in  succession.    We  havet  therefore,  the  con- 
gmsnce  4   (l)  ~0,  mod  X,  from  which  it  follows  (ms  a  uote  on  the  next  article)  that 
(•)  ^^jt  (1),  mod  (t-«)*.  or  mod  (!-«)*,  as  ia  the  text 

+  Lionvitle-  vol.  xvi.  p.  448.  M.  Kummer  has  also  extended  his  solution  of  this  problem 
to  the  case  in  which  n  is  any  divisor  of  jp—l*  See  the  memoir  quoted  in  the  IsM  artido, 
•eel.  11. 

I  Fermat's  enunciation  of  this  celebrated  theorem  is  contained  in  the  first  of  tho  MS.  notfls 
placed  by  him  on  the  margin  of  his  copy  of  Bachet's  edition  of  Oiophantus.  It  would  seem 
that  this  copy  is  now  lost;  but  in  the  year  1670  an  edition  of  Bachet's  Diophantos  was  pub- 
lished at  Toulouse,  l>y  S.irauel  de  IVrnnit  (the  son  of  the  great  geometer),  in  which  these 
notes  are  pres«rved  (Uiuphanti  Alcxandriui  Arithmeticorum  hbh  seX|  et  dc  Numcris  Mult- 
angotis  liber  unus,  cnm  conimentariis  C.  G.  Baeheti  V.  C.  et  obserrationibus  D.  P.  de  Fermat 
scnatoris  Tolosani.  Tolnsae  1G70).  The  theorems  contained  in  them  are,  with  a  few  cxceju 
tions,  enunciated  without  proof ;  and  it  mav  he  inferred  from  the  preface  of  S.  Fermat,  that 
he  found  no  demonstration  of  tliem  among  his  father's  papers.  Nevertheless,  in  the  case  of 
several  of  ihcc  propositions,  we  have  the  Assertion  of  Fermat  himself,  that  he  was  in  posses- 
sion of  their  de;noustratinn  ;  and  altliongh,  when  we  consider  the  imperfect  state  of  analysis 
in  his  lime,  it  is  surprising  that  he  should  h.xvc  succeeded  in  creatiug  methods  which  sub- 
sequent mathematicians  have  failed  to  rcdisco/er,  yet  then  is  no  groand  for  the  suspicion 
that  he  w.ii  j;:nilty  of  an  ntitnith,  or  that  he  mistook  an  apparent  for  a  real  proof.  In  fact 
these  suspicions  are  refuted,  not  only  by  the  reputation  for  honour  and  veracity  which  he 
enjoyed  among  his  cootemporarics,  and  by  the  evidence  of  9in:;ii].ir  clearness  of  insight 
which  his  extant  writings  sniiply,  but  also  by  the  fusts  of  the  case  itself.  It  would  bo  tnex- 
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has  left  us  a  proof  of  the  impossibility  of  this  equation  iu  the  case  of  «=4, 
by  a  method  which  tuler  lias  pxtetidcd  to  the  case  of  n—S,  we  nmy  RiippKse, 
without  loss  of  generality,  that  h  is  au  uneven  prime  A  greater  than     and  we 

l»licable,  if  liis  corclu  i ms  l  i  posed  ou  induction  only,  that  he  shoiilil  ncTer  have  adopttd  an 
erroneoua  i^neraluation ;  and  jcti  with  the  exception  of  ilie  "  Last  Tlicorein  "  (ttie  demon- 
•miiM  of  which,  after  two  eentoties,  fs  «titl  incomplete),  crenr  proposiUini  of  Femut's  hat 
been  verified  l  y  tlie  labours  of  his  successors.  There  is,  indeed,  one  other  exception  to  this 
•tatementt  but  it  is  an  exception  which  proves  the  rule.  In  the  letter  to  Sir  Kenelu  Digby 
wUfih  Modndes  the  '  Commerdum  EpistoUcom,  etc*  edited  by  Wallii  (Oxford,  1658), 

Fcrmat  enontiatei  the  proporitfon  that  the  iranben  eontamed  in  the  formula  2*^4-1  are  all 

priincs,  arknowledging,  however,  that,  though  con\iiiced  of  its  truth,  he  had  m  f  Nuccecdcd 
in  obtaining  its  demon«tration.  This  letter,  which  ii  undated,  was  written  in  165)} ;  but  it 
appears,  from  a  letter  of  Permat's  to  M.  de  *  *  *,  dated  October  18, 1610,  that  even  at  that 

earlier  date  he  \vas  acquainted  with  the  proposition,  and  had  convinced  himself  of  its  truth 
(D.  Petri  de  Fermat  Varia  Opcm  Mathematica,  Tolosa*,  1679,  p.  162).    It  was,  however, 

aubscqueotly  observed  by  £uler  that  ls4294967297>64ixG7004I7,  i.  e.  that  the 
nndemonstnited  proposition  It  ontruc  (Op.  Arlth.  eollecta,  vol.  L  p.  356).  The  error,  if  it  It 
an  error.  i<  a  fortunate  one  for  Ferniat;  it  exemplifies  his  candour  and  veracity,  and  it  shows 
that  he  did  not  mistake  inductive  probability  for  rigorous  demonstration  : — "  Mais  je  vous 
ad«ooe  iont  net,"  an  hit  words  in  the  lett«r  last  referred  to,  "  (<»r  par  advance  je  vous  ad- 
vcrtis  que  coiuine  je  ne  stus  pas  capable  de  m'attribuer  plus  que  je  nc  s^ay,  je  dis  avec  meme 
franchise  ce  que  je  ne  sfay  pas)  que  je  n'ay  pen  encore  demonstrer  I'exclusion  de  tous  divi- 
•eun  en  eette  belle  proposition  que  je  vous  avois  envoyee,  et  ^ue  vous  m'avez  confermee 
touchant  les  nombres  3,  5,  17.  257,  6553,  &c.  Car  tiien  que  je  rednlse  I'exclnston  k  la 
plnspart  dcs  nombres,  et  que  j'aye  mrmc  dps  raisons  probables  pour  le  restc,  jc  n'ay  peu 
encore  demonstrer  ncce&&airemeut  la  vcnle  de  ctitc  proposition,  do  laquelie  pouitaut  je  uc 
doute  non  plus  k  cette  heure  que  je  faiaolt  anparavant.  Si  vous  cu  av»  la  preuTC  assuree, 
vous  m'ohligere?  de  nic  la  communiqurr :  rir  nprt  s  cela  ricn  ne u'trmtcfB  en  oet mttiint." 
The  **La&t  Thcurcm"  is  enunciated  liy  i'crmat  as  follows:— 

"Cnbiia  antem  in  duos  cubos,  aut  quadnrto-quadratum  in  duos  quadrato^quadratoa,  et 

^eneraliter  nullam  in  infinitum  ultrik  quadratum  potestatem  in  duos  eju$dem  nominis  fns  r^r 
dtvidere;  cujus  rei  demonstrationem  mirabilem  sane  detexi.  Uanc  marginis  exiguitas  noii 
eapoet.''  (Ferraat's  Diophantus,  p.  51.) 

Fprmnt  ha«  also  asscrtfrj  tliat  neither  the  sum  (il/id.  p.  258)  nor  the  difTerencc  {ibid.  p. 338) 
of  two  biquadratcs  can  be  a  square.  £ach  of  these  propositions  comprehends  the  theorem 
thai  fhe  tmn  of  two  biqnadtatet  cannot  be  a  biqaadratet  and  of  the  teoond,  we  possess 
a  very  remarkable  demonstrntion  hy  Fpnnat  himself  (ikid.  p.  338;  and  compare  Eiiler, 
Elemens  d'Algetire,  vol.  ii.  itect.  13;  Legendre,  Theorie  des  Nombres,  vol.  ii.  p.  1).  The 
essential  part  of  tUs  denraiittratlon  eonsistt  in  thoniiig  that,  from  any  supposed  tolntion 
of  the  Diophantinr  rrjuatinTi  a  =quarc,  anoihcr  solution  :nny  br  drtlnccd  in  which 

the  values  of  the  indeterminates  are  not  equal  to  zero,  and  }et  are  absolutely  less  than  iu 
the  proposed  tolotioo,  from  whieh  It  immediately  follows  that  the  Diophantlne  equation 
is  impnssihlr.  This  Tnrttind  has  been  successfully  eraploye<l  hy  Euler  (!or.  eit.)  to  di  im  ii- 
strate  several  negative  Diophantine  propositions,  and  in  particular  the  theorem  that  the  sum 
of  two  cnbet  caniiol  be  a  mbe.  The  only  arithmetical  principles  (not  induded  in  the  firtt 
ehments  of  the  science)  v,lii(  li  are  cmidoyed  hy  Eulcr  and  FtTm;vt  in  their  applications  of 
this  method,  reUte  to  certain  simple  properties  of  the  quadratic  forms  «'-f2v'» 
^+3y';  and  as  these  principlet  teem  Inadequate  to  overcome  the  dtfficolties  presented  by 
the  equation  4-*" >=0,  when  iilt>4,  it  is  probable  that  Fermat's  "  demonstratio 

mtrabilis  sane"  of  the  ::r>ncral  theorem  wat  entirely  different  from  that  which  he  hat  inci- 
dentally  given  of  the  particular  case. 

The  impoitibility  of  the  equation  a-'+y^+^^Ofer  was  first  demonstrated  by  Le. 
gendre  (Memoires  dc  TAcadeniie  dcs  Sciences,  1823,  vol.  vi.  p.  1,  or  Theorie  des  Nombres, 
voL  ii.  p.  361.  See  also  an  earlier  paper  by  Lejeunc  iJmchlet,  Crelle,  vol.  iii.  p.  354,  with 
the  addition  at  p.  368,  and  a  later  one  by  M.  Lebesgue,  Liouville,  vol.  vUt  p.  49) ;  for  14, 
hy  Pirichlci  (Crelle,  vol.  i\.  p.  390);  and  for  n=7,  by  M,  Lame  (M6moires  des  Savans 
i^trangers,  voL  viii.  p.  421,  or  LiouviUc,  vol.  v.  p.  195.  Sec  also  the  Comptes  Uendus,  vol.  ix. 
p.  3S9,  and  a  paper  by  M.  lebesgue,  Liooville,  vol.  v.  pp.  276  &  348).  But  the  methods 
cn)|)Io\  cd  in  these  researches  are  specially  adapted  to  the  particular  ex|)onents  considered, 
and  do  not  seem  likely  to  supply  a  general  demonstration.  The  proof  in  Uar'.ow's  Theory  of 
Nombers,  pp.  160-169,  is  erroneous,  as  it  reposes  (sec  p.  168)  ou  an  elementary  proposition 
(cor.  2,  p.  20)  which  is  untme.  A  memoir  by  M.  Kommer  on  the  equation  «^+y*^«>s^, 
is  wiiich  coBplcx  imnbcn  an  not  employed^  and  in  which  no  tingle  «ate  of  the  tbewev  it 
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may  write  tho  oqnnfinn  in  tlir  ■^ytiiniftrical  formar^4-y^4-«^=0.  The  impos^ 
sibilitv  (jf  ftolviiiL'^  tiii^  eijuaiuui  Itiis  Ikm  ii  cit'tuonst rated  by  M.  Kutiuner,  first, 
fur  all  values  uf  A  uut  iiicluileil  anioug  lite  excepliunal  primes*  ;  and  secoudly, 
for  all  exceptional  primes  which  satisfy  the  three  following  conditions  i — 

( 1.)  That  the  first  factor  of  H,  though  divisible  hj  X,  is  not  divisible  bj 
X*  (sec  art.  50). 

(2.)  Tint  a  complex  modiiUis  can  be  assigned,  for  which  a  certain  definite 
complex  unit  is  not  congruous  to  a  perfect  Xth  power. 

(3.)  That  B,;^  is  not  divisible  by  \',  B«  representing  that  Bernoulliaa 
number  — 1]  which  is  divisible  by  Xf. 

Three  numbers  below  iOO>  viz.  37»  59,  67i  are,  as  wc  have  seen,  excep> 
tional  primes.  But  it  has  been  ascertained  by  M.  Kummer  that  the  three 
conditions  just  given  are  satisfied  in  the  case  of  each  of  those  numbers;  so 
that  the  impossibility  of  Fcrinat's  equation  has  been  demonstrated  for  all 
values  of  the  exponent  up  to  100.  Indeed,  it  would*  probably  be  difficult  to 
find  an  exceptional  prime  not  satisfying  the  three  coudilious,  and  conie> 
quently  excluded  from  M.  Kummei^s  demonstration. 

We  must  confine  ourselves  here  to  an  indication  of  the  prineiplea  on  whieb 
the  demomtration  rests  in  the  case  of  the  non-exceptional  primes^. 

dmnonstrated  (Gratis,  vol.  xvii.  p.  203),  is  aftverthelen  of  gnst  intemt  for  the  number  «f 

auxiliary  propositions  pontnineil  in  it.  Of  the  same  chanrtcr  an*  the  notes  hy  MM.  Lchcsgue 
and  LiouviUe,  in  Liouvilie's  Joumai,  vol,  v.  pp.  Ib4  dc  360,  and  a  few  theorenu  given  with* 
onl  demonitntion  by  Abel,  (Euvrei,  vol.  iL  p.  264. 

In  the  year  1847,  M.  Lame  presented  to  the  Academy  at  Paris  a  memoir  containing  a 
general  demonstiatioa  of  Fermat'a  Theorem,  based  on  the  properties  of  complex  numbers 
(Coraptes  BMidat,  vol.  xxhr.  p.  SIO;  liotivillo,  vol.  xU*  pp.  137  ft  17S).  It  was«  hmn/nr^ 
observed  by  M  I.iniiville  (Coniptcs  Rcndus,  vol.  xxiv.  p.  315\  tluii  x\ih  ilt m  ■jnstralini  is 
defectiTOt  Si  it  auumes,  without  proof,  the  proposition  that  a  complrx  nuiuber  cau  be  repre- 
Muted,  and  in  one  way  only,  as  the  prodnct  of  powers  of  complex  priroes — a  propontkm 
wliicli.  as  wc  have  seen,  is  untrue,  unless  wc  a;lniit  idr'al  as  well  as  actual  complex  primes. 
The  discuMion  on  U.  Lamc'a  memoir  attracted  Cauchy's  attention  to  Format's  Theorem  i  and 
the  24th  and  2Mh  volnmei  of  the  Comptes  Kendos  oontrin  aevend  oonraranieetioni  fhmi 
him  on  the  subject  of  conaplex  mimbcrs  [or  polynomcs  radicaux.as  he  has  preferred  to  term 
them].  In  the  earlier  papers  of  this  series,  Cauchy  attempts  to  prove  a  proposition  which, 
as  we  have  already  xibserved  (see  lit.  41),  is  untrue  for  complex  numbers  considered  gene- 
rallyi  ^i*  that  the  norm  of  the  remainder  in  the  division  of  one  complex  number  by  another 
can  be  rendered  less  than  the  norm  of  the  divisor  (see  Comptes  Rendus,  vol.  xxiv.  pp.  517, 
633  ^  061).  Kl&ewhcre  (Hid.  p.  570)  he  assumes  the  proposition  as  a  hypothesis,  and 
dednoet  from  it  conclusions  which  are  erroneous  (pp.  58 1 , 582).  Bat  at  p.  1029  he  r^Mfnim 
and  demonstrates  its  inaccuracy.  The  results  at  whicli  he  arrives  in  his  subsequent  papers 
on  the  saiuti  subject  are,  for  the  must  pan,  coinpreheadcd  iu  M.  Kuiuiucr'ti  general  theory 
(Comptes  Rendus,  vol.  xxv.  pp.  37,  46,  93,  132,  177).  In  one  place,  however  (p.  1BI)»  lie 
eounciatei,  though  without  demonstrating,  the  following  import rint  re^u]\  — 

"  If  the  equation  «^4*y^i''^*'0  resoluble)  y,  s  denoting  integral  numbers  prime  to 
X,  the  som 

is  divisible  by  \." 

(Compare  M.  Kummer's  memoir  in  tlie  Berlin  Transactions  for  1857t  p.  64.) 

The  investigation  of  the  Last  Theorem  of  Fermat  has  been  twice  proposed  as  a  prizc- 
qqestion  by  the  Academy  of  Paris — ^first  at  some  time  previous  to  1823  (&ee  Legendre's 
memoir  already  cited,  in  vol.  vi.  of  the  M^moires  de  TAcad^nie  des  Sciences,  p.  2),  and  again 
in  1850  (Comptes  Rendtis,  vol.  xxx.  p.  263):  at  neither  time  was  the  prize  adjudcred  to  any 
of  the  memoirs  received.  On  the  last  occasion,  after  several  postponements  of  the  date 
originally  fixed  far  the  award,  the  prize  was  ultimateljp  ia  1857  (It.  vol.  xliv.  p.  Ift8),  ooa* 
ferred  on  M.  Kummer,  who  bad  not  been  a  eoaipetitor»  for  bii  leeearehee  on  eomplex  aaa- 

bers.  ^ 
•  Llonville,  vol.  xvL  fk  488,  or  CreUe,  toL  xL  p.  ISl. 

f  See  the  memoir  No.  15  in  the  list  of  art.  41. 

X  When  ^  is  not  an  exceptional  prime,  the  eqnttion  ar^+j^-i- j^»0  la  inreaolnhie  not  onl| 
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We  may  suppose  that  X  is  greater  than  3,  and  tliat  no  two  of  the  numbers 
X,  1/i  z  admit  any  common  divisor.   And  tirat,  let  none  of  thcni  be  divisible 

by  1  — Oi  €t  still  representiog  a  root  of  the  equation  -^0.   Since  for  9 

we  may  write  a'x,  we  may  assume  that        z  are  of  the  furtu 

y-6+(l-a)'y, 
Me+(l-.a)*Z» 

a,  ^  e  denoting  Integral  nnmbers  prime  to  A*  whleh  evidendy  aatitfy  the  eoii> 

gruenee  0+6+0^  0»  mod  X.  The  eqt»tion  d^+j^+^^^O  may  then  be 
written  thus 

(«+«*3^)  (»+a*y)  (»+ci^-*  y)- 

No  two  of  the  factors  of  whioh  the  left  hand  member  is  oompoied  ean  have 
any  common  divisor ;  each  of  them  Is  therefore  the  produet  of  a  perfect  Xth 
power  by  a  unit;  so  that  we  may  write»  or+ofysaf  e(<t)t^>  e(a)  denoting 
a  real  unit  Since  «^  is  an  aotaal  number,  it  follows  (remembering  that  X  is 

not  an  exor  |  tluaal  j)rIino)  that  V  is  also  actual ;  hen(^e  is  congruousy  mod  X» 
to  a  certain  integral  number  m.  Eliminating  fiixe(a)  between  the  two  con- 
gruences .r4-a'y~wja''('(a),  and  x-\-ar' y~mx~^ e{tC)^  mod  X,  wc  find 

a"  r-fa'iy)  — a^(a,'-f  a"^*;/)^0,  mo<l  X.  For  the  modulus  (1— a)  this 
congruence  is  identically  satisfied*.  Tluit  it  should  he  satisfied,  mQdi(l*— a)% 
we  must  have  the  relation  (a-f  ^)p=^<&'>  uiod  X  \  whence,  putting 

—5-       mod  X, 

we  have  psAf,  mod  X.  Substitntiag  this  value  lor  p»  we  find  that  the  con- 
gruence 

is  identically  satisfied,  mod  (1  ;  but  in  order  that  it  should  be  salisfiedj 
mod  (1         we  have  the  condition 

<^ft(2A-I)(*-l)-Sf(ft~  .yM-Aar")=0,  mod  X, 

where  x"  and  y"  are  the  values  (rora=l)  of  the  second  derived  functions 
of  X  and  y  with  respect  to  a.  This  conditional  congruence  must  be  satisfied 
for  every  value  of  s ;  either  therefore  A  =  1,  mod  X»  or  24^1 »  mod  X.  The 

supposition  ^=1  If)  Inadmissible;  for  it  implies  that  an^O,  mod  X,  contrary 

to  the  hypothesis.  Hence  we  must  have  2A  =  1,  and  a  h,  or,  by  parity  of 
reai^oning,  n-  h  r,  mod  \.  Rut  also  a+i-f^^^O,  mod  X,  whence  we  again 
infer  the  inadauiisible  conclusion  a^6^c=0,  mod  X. 


in  ordimrf  int^prtl  nmnbers^  but  sImi  in  tny  complex  integers  coini>osed  of  Xth  roots  of 

unity.  The  ilcmonstratioii  docs  not  itoi.ses-s  tlif'  same  generality  when  \  is  an  exceptional 
prime  satisfying  the  three  conditions  cited  in  the  text.    la  tliis  case  M.  Kummer  has  only 

shown  that  the  equation  .r^+y^+^^O  is  irresolublc  when  we  suppose  that  x,  y,  z  are 
ordinary  tntegtal  numben  pftane  to  X,  or  else  oomples  nvmbert  eontsiniag  tiia  hiiuufy  poriodt 
•-{-•"S  one  of  which  has  a  eomnon  diTisor  with  X. 

«  Snee X ii divinble  by  and nnee (!)+(«- 

+  . . . ,  it  is  readily  seen  that,  if  r^X-1,  the  oonditiona  for  the  difiaibility  of  0(«)  by 
are  ^(1)^0,  ^'(1)^0,  ^(''-»>(1)~0,  mod  X. 
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SeconJly,  let  one  of  tlie  numbers  a:,  y,  z  (for  example,  z)  be  divisible  by 
1  — a;  it  will  be  convenient  to  consider  the  cquatiou  iu  the  generalized  form 

ar^+/=E(a)(l-a)'^:£\  -    •  (0 

in  which  a?,  y,  and  z  arc  all  prime  to  1 — a,  and  E(a)  is  any  uniL  We  may 
assume  that  the  values  of  x  and  y  arc  of  the  form 

af=a4-(l-a)'X, 

a  and  h  being  prime  to  X>  but  latUfying  the  relatloD  a+^ssO^  mod  X. 
In  the  fi»t  phoe^  m  mutt  be  greater  tban  1  •  For  eiaoe  «^    oS  and    s  M» 

mod  (1         S  if  a;^+/  be  divuible  by  ( 1  ^mf,         is  dirable  by  X\  and 
tbefeforec^+y^  by  (1  —  a}^***'.  AgBtn»  each  of  the  factors  «+^> 
• ..  tf+o^'^'y  18  divisible  onee^  and  once  only,  by  1— «;  whence  it  follows 
that  a;+y  ie  divisible  by  (l<-a)^~^'*'S  and  that  no  two  of  the  X  fiustom  o( 
jT^+y^  have  aoy  other  oommon  divisor  than  1  — Henee  the  X  fiuston 

ins-'   i-« 

are  relatively  primes  and  may  be  represented  by  expressions  of  the  form 

#o(a),  #1  (a)t . . .  representing  units,  and  ....  Xth  powers  prime  to 

1  —a.    £liminatiog  a;  and  y  from  the  three  equations 

*+a'y=«r  (a)  (1  —  a) 

«+«t3f=e*(«)  (1— 
we  obtain  a  result  of  the  form 

0r*+€(a)^/=E,(a)(l-«y— ...  (2) 

e(a)  and  Ei(a)  denoting  two  units.  But,  as  in  the  former  case,  it  may 
be  shown  that  ^r*^  and  are  congruous,  mod  X,  to  real  integers,  and 
(1— a)^"*""'^^— 0,  mod  A,  because  Hence  e(a)  is  also  congruous  to 

a  real  integer  for  the  modulus  X,  and  is  thereforf  a  perfect  Ath  power  by  a 
property  of  every  aun-exceptional  prime  (see  art.  o2).  The  equatiou  (2} 
therefore  assumes  the  form 

If,  therefore,  (he  proposed  equation  (1)  be  possible,  it  will  follow,  by  sue* 
cessive  applications  of  thiii  reduction,  that  the  equation 

is  also  possible.  But  this  equation  has  been  shown  to  be  impeesible ;  the 
equation  (1)  is  tben;fore  also  impossible, 

62.  Applicalioti  to  the  Theory  of  Xumerieai  EqtuUions. — In  the  Monats- 
berichtc  for  June  20,  1853  (see  also  the  Monatsbericbte  for  165ti»  p.  203)» 
M.  Kronecker  has  cnunciafi'd  ihe  following  theorem  :  — 

"The  roots  of  any  Abeliati  equation,  the  coetficieiits  of  which  are  integral 
numbera,  are  rational  funetions  of  roots  of  unity."  The  demonstration  of 
this  theorem  (Mionaitberiebte  for  1853,  p.  371^73)  depends  onacomptp 
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rifton  of  a  oerlain  form,  of  which  the  resolvent  functinn  of  any  Abelian 
eqnation  is  susrcptihle,  with  M.  Kunimers  expression  lor  the  resolvent  func- 
tion m  tfic  case  of  tlic  (  (juation  of  tlie  division  of  th«'  circle  (^eu  art.  60}* 
It  thus  in%oivt^  cuu:>i(ietutiui)»  rciauiig  to  ideal  numbers. 

Two  propositions  of  a  more  special  character,  and  cloaely  connected  with 
one  another,  have  also  been  given  by  M.  Kroneeker  (Crelle*  vol*  liii.  p.  173). 
Their  demonstration  is  immraiately  deductble  from  the  principles  of  Dirich« 
let's  theory  of  complex  units  : — 

"If  unity  be  the  analytical  njotiulu;?  of  every  root  of  an  equation,  of  which 
the  first  cuctticient  is  unity  and  all  tlic  coefficient}  are  integral  numbers,  the 
roots  of  the  equation  are  roots  of  unity." 

**lf  all  Uie  roots  of  an  equation  (having  its  first  coefficient  unity  and  all 
Its  ooefficlents  integral)  be  real  and  inferior  in  absolute  magnitude  to  ^,  so 
that  they  can  be  represented  by  expressions  of  the  form  2  cos  a,  2  cos  /3, 
2  C09  y« . ,  • ,  the  arcs  a,  /3,  y  are  commensurable  with  the  complete  circum* 
ference.'* 

In  the  following  proposition  M.  Kroneeker  has  extended  a  theorem  of 
M«  Kuminei^s  (art.  42)  relating  to  complex  units  composed  with  roots  of 
unity  of  which  the  index  is  a  primes  lo  complex  units  composed  with  any 
roots  of  unity  (Crellc,  vol.  liii.  p.  176) : — 

**  Evrry  complex  unit  composed  with  the  roots  of  the  equation  w"  =  l,can 
be  reiuU  ri  d  real  by  multiplicaiiun  with  a  l-wth  root  of  unity.  If  n  Ix  even, 
a  root  wiii  always  suffice ;  and  ii  ?i  be  a  power  of  a  prime,  au  nth  root 
will  Buffice." 

The  demonstration  of  this  proposition  Is  also  dedoclble  from  Dirlchlet's 

principles. 

G3.  Tables  of  Complex  Primes, — In  M,  Kummer's  earliest  memoir  on 
con:})!*  X  numbers  (Liouville,  vol.  xii.  p.  206)  he  has  given  a  table  of  the 
complex  factors,  composed  of  Ath  roots  of  unity,  which  are  contained  in  real 
primes  of  the  form  mX+1  inferior  to  1000,  X  representing  one  of  the  primes 
5»  7, 11, 1S»  17*  19,  23.  Thb  memoir  was  written  before  M.  Kummer  had 
considered  the  complex  factors  of  primes  of  linear  forms  other  than  mX+1, 
and  before  he  had  introduced  the  conception  of  ideal  numbers.  Tlic  com- 
plex prime  factors  of  real  primes  of  those  other  linear  torms  are,  therefore, 
not  exhibited  in  the  Table;  and  the  five  numbers  of  the  form  2Sm  +  I}  47» 
139,  277,  461,  967,  each  of  which  contains  22  ideal  factors  composed  of  2Srd 
roots  of  unity,  are  represented  as  products  of  II  actual  factors  (each  of 
which  contains  two  reciprocal  ideal  Actors).  The  tentative  methods  by 
which  the  complex  factors  were  discovered  are  explained  in  sect.  9  of  the 
memoir  cited.  Since  the  full  development  of  M.  Kummer's  theory.  Dr. 
Keuschle  iias  undertaken  to  complete  and  extend  the  Table.  He  has  already 
given  tables  contaioiug  the  complex  prime  factors  of  all  real  primes  less  than 
1 000,  composed  of  5th,  7th,  11th,  ISth,  17th,  2Snl,  and  29th  roots  of  unity, 
together  with  the  complete  solution  of  the  congruences  corresponding  to  the 
equations  of  the  periods  (see  the  Monatsberichte  for  1S59,  pp.  488  and 
694,  and  for  1860,  pp.  loO  and  71i).  For  5.  7,  11,  13,  17,  the  complex 
primes  arc  exhibited  in  a  primary  form  ;  for  19,  23,  and  29  they  are  exhibited 
in  a  form  which  satisfies  the  condition  /*(a)^/(l),  mod  (1  — a)",  but  not 
the  condition  /  (a)  /(«"»)  [/  (1 )]%  mod  X.  The  ideal  factors  Dr. 
Reuschle  represents  by  their  lowest  actual  powers;  for  S3  this  power  is  the 
cube,  for  29  it  is  the  square;  for  IJ,  13,  17,  19,  as  well  ns  for  5  and  7,  all 
complex  prime  factors  ot  real  primes  less  than  1()00  are  actual.  It  appears 
from  the  Table  (and  it  has  indeed  been  proved  by  Kummer),  that  29  is 
an    irregular  delcrmiuaul  '  (&ue  art.  '19}  nute)  j  iur  liic  number  ut  claxiMiS  is 
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8,  while  the  square  of  every  ideal  number  (oreurring  as  a  factor  of  a  real 
prime  inlerior  lo  1 000)  is  actual.  The  methods  employeti  by  Dr.  Heuschle 
iu  the  calculatiun  of  his  tables  have  not  yet  been  publiahed  by  hitu.  In 
tome  instances,  as  M.  Kummer  has  observed,  ihey  have  not  led  him  to  the 
simplest  possible  forms  of  the  ideal  primes. 

A  particular  investigation  relating  to  the  ideal  factors  of  47»  composed  of 
2drd  roots  of  unity,  has  been  given  by  Mr.  Cayley  (CreUe,  voL  Iv.  p.  192, 
and  Ivi.  p.  186). 

64-.  The  investigations  relating  to  Laws  of  Keciprooityi  which  have  so  long 
oooQpied  us  in  this  report»  have  iDtrodneed  us  to  oonsideimtioDs  apparently 
so  remote  from  tlie  theory  of  the  residues  of  powers  of  integral  numbers,  that 

it  requires  a  certain  effort  to  bear  in  uritid  th(  ir  connexion  with  that  theory. 
It  will  be  remembered  tlmt  the  con)j)lex  numhr  rs  to  which  our  attention  has 
been  directed  are  not  ot  that  general  kind  to  wiiich  we  have  referred  iu  art.  41, 
but  are  exclusively  those  which  are  composed  of  roots  of  unity.  The  theory 
of  complex  numbers,  in  the  widest  sense  of  that  term,  does  indeed  present  to 
us  an  important  f^'cneralization  of  the  theory  of  the  re-does  of  powers;  for 
the  the  orem  r,r  T^erniat  (sen  art.  5^)  .suh»i>tN  alike  for  every  species  of  com- 
plex numbers.  But  the  complex  numbers  of  Gauss,  of  ,^acobi,  and  of  M. 
Kummer  force  themselves  upon  our  consideration,  not  because  their  proper- 
ties are  generalizations  of  the  properties  of  ordinary  integers,  but  because 
oertain  of  the  properties  of  integral  numbers  ean  oul}  be  explained  by  a 
referenoe  Co  them.  The  law  of  quadratic  reciproeity  does  not,  as  we  have 
seen,  neec'^sirily  refpiirc  for  it?  demonstration  any  considerations  other  than 
those  relating  to  orilmary  integers;  the  real  prime  numbers  of  arithmetic  are 
here  tlie  ultimate  elements  that  enter  into  the  problem.  But  when  wc  come 
to  binomial  oongruenees  of  higher  orders,  we  find  that  the  tme  eleoaents  of 
the  question  aie  no  longer  real  primee,  but  certain  complex  fiicton,  composed 
of  roots  of  unity,  which  are,  or  may  be  conceived  to  be,  contained  in  real 
primes.  For  we  find  that  the  Inw  ^vhich  expresses  the  mutual  relation  (with 
respect  to  the  particular  kind  of  (  nngruenccs  considered)  of  two  of  these 
complex  factoid  is  a  primary  and  simple  one;  while  the  correspondmg  rela- 
tiont  between  thn  real  primes  themselves  are  composite  and  derivative,  and,  in 
consequence,  complicated.  It  thus  becomes  indispensable,  for  tlie  investiga- 
tion of  the  properties  of  real  number^  to  construct  an  arithmetic  of  complex 
integers ;  and  this  is  what  has  been  accomplished  by  the  researches,  of  which 
an  account  has  been  given  in  the  preceding  article-i. 

The  higher  laws  of  reciprocity  (like  that  uf  quadratic  residues)  may  be 
considered  as  furnishing  a  eriterion  for  the  resolubility  or  irresolubility  of 
binomial  congruences ;  and  this,  though  not  Uie  only  application  of  which  they 
are  susceptible,  is  that  which  most  naturally  suggests  itself.  When  the  bl* 
nomial  congruence  is  cubic  or  liiquadratic,  it  is  easy  to  resolve  the  real  ju  ime 
ujoilulus  juto  factors  ol  the  form  c  fm,  or  (t-\-bi  (arls.  M7  and  24),  and  equally 
easy  to  determine  the  value  oi  the  critical  symbol  ot  reciprocity  by  a  uni- 
form and  elementary  process  (see  art.  S6).  For  these,  therefore^  as  weU  as 
for  quadratic  congruences,  the  criterion  deducible  from  the  laws  of  recipro« 
city  is  all  that  can  be  desired.  But  for  binomial  congruences  of  higher 
orders  this  criterion  is  not  a  sati-^f'nrtory  one,  bccnn'^f'  of  the  difficulty  of 
obtaining  the  resolution  of  a  real  prime  into  itji  cumpiex  factors,  and  also 
because  of  the  impossibility  of  determining  the  value  of  the  critical  symbol 
by  the  conversion  of  an  ordinary  fraction  into  a  continued  fraction. 

The  only  known  criterion  applicable  to  such  congruences  is  the  following, 
the  demonstration  of  which  is  deducible  from  the  elements  of  the  theory  of 
the  residues  of  powers: — l^t  •c'*»A,  mod     represent  the  proposed  con- 
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grueijce;  it  will  he  resoluble  ur  irresoldble  according  as  tlu^  index  ot  A  is  or 
is  not  di\  isiblf  by  c/,  I  be  grLatest  common  divisor  of  n  and/; — 1,  i.  c.  according 

OS  the  exponent  to  which  A  appertains  is  or  is  not  a  divisor  of  0^ 
arts.  14  and  15). 

65.  Solution  of  Binomial  Congntcnces. — Wc  now  come  to  the  problem  of 
the  actual  solution  of  binnmiil  congnienccs — a  aul)|eot  upon  which  our 
knowledge  is  confined  withm  very  narrow  limits. 

When  a  table  of  indices  for  the  prime  p  has  been  constructed,  the  resolu- 
tion of  every  binomial  congrueQce^  if  st  be  resoluble,  or,  if  not,  the  demon- 
stration of  its  irresolubility,  is  implicitly  contained  in  it.   But  to  nie  a  table 
of  indices  for  the  solution  of  a  binomial  congnirnce  is,  as  we  have  already 
observed  in  a  similar  r;ise  (art.  16),  to  solve  a  problem  by  means  of  a  rcmrded 
soiutiou  of  it.    W  iicn  the  congruence  a:"= A,  mod  p,  is  resoluble,  iu  hoIu- 
tion  may  always  be  made  to  depend  qd  that  of  a  congruence  of  the  form 
je^^o,  mod  p,  where  d  is  the  greatest  common  divisor  of  n  and  p— 1.  i^nd 
where  a=A<»  mod  j»,  and  ns=d,  mod  p— I.   We  may  therefore  suppoie 
that,  in  the  congruence  x"=A,  mod  /),  w  is  a  divisor  of  />— 1.    This  con- 
gruence (if  resoluble  at  all)  will  have  as  many  roots  as  it  has  dimensions ;  if 
{  be  any  one  of  them,  and  1,  0,,  0^, . . .        be  the  roots  of  the  congruence 
a*^l,  mod p,  the  roots  of  «"5A,  mod p,  will  be    {0,,  {0^, ...  ;0„_j ;  so  that 
the  complete  reeolntion  of  the  congruence  a;"^  A,  mod  p,  requires,  first,  the 
determination  of  a  single  root  of  that  congruence  itself,  and,  seeendly,  the  com- 
plete resolution  of  the  congruence  ar»^l,  mod  p.   With  regard  to  the  first  of 
these  requisites,  in  the  important  case  in  which  the  exponent  t  to  which  A 
appertains  is  prime  to  n>  a  value  of  x  satisfying  the  congruence        A,  modp, 
can  be  determined  by  a  direct  method  (Disq.  Arith.  arts.  66,  67).   For,  in 
this  caie^  it  will  always  happen  that  one  value  of  a;  is  a  certain  power  A*  of 
A»  where  k  is  determined  by  the  congruence  ^^1,  mod  t.    Nor  is  it 
necessary,  in  order  to  determine  k,  to  know  the  exponent  t  to  Mhich  A 
appertains;  it  is  sufficient  to  have  ascertained  that  it  is  prime  to  »;  for,  if 
we  resolve  p—^  into  two  factors  prime  to  one  another,  and  such  that  one  of 
them  is  divisible  by  is  and  contains  no  prime  not  eontalaed  in  m,  the  other 
will  be  divisible  by  4  and  may  be  employed  as  modulus  initeul  of  t  io  the 
congruence  A« si,  mod  ^    When  thi^  method  is  inapplicable,  we  can  only 
investigate  a  root  of  the  congruence  .r"^A,  mod  p  (where  A  is  different 
from  1 ),  by  tentative  processes,  which,  however,  aUmit  of  certain  abbreviations 
(Disq.  Arith.  arts.  G7,  68).    The  work  of  Poinsot  (Reflexions  sur  la  Th6orie 
des  Nombres,  cap.  iv.  p.  60)  contains  a  very  full  and  elegant  exposition  of 
the  theory  of  binomial  congruences ;  but  neither  he  nor  any  other  writer 
subsequent  to  (rnuss  has  been  able  to  add  any  other  direct  method  to  that 
whicli  we  have  just  nientioned. 

66.  Solution  oj  the  Congruence  ar"=l,  mod  p. — When  a  single  root  of  the 
congruence  ai^^A  is  known,  we  may,  as  we  have  seen,  complete  its  resolu- 
tion by  obtaining  all  the  roots  of  the  congraenoe  c^asl ,  mod  s.  The  methods 
of  Gauss,  I>agrange»  and  Abel  for  the  solution  of  the  bmomial  equation 
a:* — 1=0  are  in  a  certain  son^'p  applicable  to  binomial  congruences  of  this 
special  form.  It  is  evident,  from  a  comparison  of  several  passage?  in  tlip  Dis- 
quisitiones  Arithmeticae*,  that  Gauss  himself  contemplated  this  at  iihtuctical 
application  of  his  theory  of  the  division  of  the  circle,  and  that  he  intended  to 
include  it  in  the  8th  section  of  his  work,  which,  however,  has  never  been 
given  to  the  world.  In  faet,  the  method  of  Abelf  which  eomprehenda  that 

*  See  Disq.  Arith.  arts.  61,  73,  and  especially  art.  335. 

t  See  Ahel's  menoir,  Snr  une  dsiie  psrticahtes  d'^^nstions  iMnUss  algAaiffimisvi," 
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of  Gauss,  and  which  pivrs  the  solution  of  any  Abelion  rrination,  is  equally 
applicable  to  any  Abe/uin  congrucuce ;  i.e.  to  any  coinpklcly  rc>oliible  con- 
gruciicc  of  order  the  ni  routs  of  which  (coii:iiclfrt'il  with  itguid  to  the 
priiae  modulus  p)  may  be  represeoted  by  the  wr\e$  of*  terms 

rf  fir). 

the  symbol  f  denoting  a  given  rational  [fractional  or  integral]  fanction* 
And  as  we  can  always  express  the  roots  of  an  Abeiian  equation  by  radicals 
(».  e.  by  the  roots  of  equations  of  two  terms),  so  also  the  solution  of  an  Abeiian 
congruence  drprtif!!?  ultimately  on  the  solution  of  binomial  congruences. 
When,  for  any  piime  modulus,  an  Abeiian  equation  admits  of  being  con- 
sidered as  an  Abeiian  congruencet  so  precise  is  the  correspondence  of  the 
equation  and  the  congruence,  that  (as  Poinsot  bas  observed  in  a  memoir 
in  which  he  bas  occupied  himself  with  the  comparative  analysis  of  the  equa- 
tion af*=l,  and  the  congruence  x**~l,  mod y?*)  we  may  consider  the  ana* 
lytical  expression  of  the  roots  of  the  equation  as  also  containing  an  expression 
of  the  roots  of  the  congruence ;  and  by  giving  a  congruential  interpretation  t 
to  the  radical  signs  which  occur  in  that  expression,  we  may  elicit  from  it  the 
aetnal  values  of  the  foots  of  the  congruence.  An  example  taken  from 
Poinsot*s  memoir  will  render  this  intelligible}.  The  six  roots  of  the  equation 
I 

^   ^issQ  ai'e  comprised  in  the  formula 

where  the  signs  4*  «id  —  are  to  be  snccessiveiy  attributed  to  V  ^7,  and 
where  the  product  of  the  two  cube  roots  is  +  ^  or  —  V— 7t  aeooiding 
to  the  sign  attributed  to  V  Considering  the  equation  as  a  congruence 
wilJi  re^rd  to  the  modnlus  4$,  and  observing  that 

±6>  mod  43,  Vsls  ±8,  mod  4S, 

we  obtain  in  the  first  place 

X  ^  g+gV^l6  +  ^V^-8,  modi3, 

and  aps— g+g</5i2+  ^4/—%  niod  43, 

the  produet  of  the  two  cube  roots  being  congruous  to  +6  in  the  first  fonnula, 
and  to  —6  in  the  second ;  and  finally,  observing  that 

V^i6  ^   21>  -  8,  -18,  mod  43, 

J(/^  s    14^—2,  — !«,  mod  45, 

=  —  15,—  4,  19,  mod  43, 
^+9,  —20,  4- 11,  niod  43, 

8€ct.  3  (CEuvres,  vol.  i.  p.  114,  or  GreU^  voL  iv.pb  131),  sad  M.  Scnet's  Algttm  Siqi^rienre, 
26tb  and  27th  Icuons. 
*  ^'Sur  I'Appliettioii  de1'A1gMn«  ii  la  Th^rie  del  Nombres,''  Mtooires  de  FAcad^mie 

des  Sciences,  vol.  iv.  p.  99.  _ 

t  Ganisempluys  the  symbol  v  '""^  J'>  ^  <ienote  a  root  of  the  congmeiice  jr"5  A,  nod p, 
just  SI  be  employs  the  symbol     mod  p,  to  denote  the  root  of  the  coiigniemM!  Av^B, 

IBOdjI*  The  congruential  radical  -^A,  mod  p,  bat  of  course  as  many  values  as  the  con- 
gnience  jr"^  A,  mod  p,  ha*  aolutioiii;  if  that  coapnenoe  be  inreaolablr,  ihe  symbol  i>  im^ 

poAsible. 

t  8estiieaieBMiircitedsbovefP.12S. 
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and  atteading  to  the  limitatioD  to  which  the  enbe  roots  are  aubject, 
x^—S,  +11,  +81,  or,  — %+4k  +16 ;  mod  43. 

Thus  the  complete  solution  of  a  congruence  of  the  sixth  order  is  obtained  by 
Uduis  of  binomial  congruences  of  the  second  and  third  orders  only. 

An  essential  limitation  to  the  usefulnesi  of  this  method  arises  from  the  cir- 
cumstance that  it  does  not  always  (or  even  in  genorn!)  happen  that  (a^  in 
the  example  just  given)  each  surd  entering  into  the  t  xprtiAsion  of  the  root 
becomes  separately  rational.  For  that  expression  may  itself  acquire  a  rational 
▼aloe,  while  certam  sards  conUdaed  in  it  continue  irrational,  precisely  as,  in 
the  imdaeible  case  of  cubic  equations,  a  real  quantity  is  fepfesested  by  an 
imaginary  formnla.   To  illustrate  this  point  by  an  example,  let  na  comider 

as'— 1 

the  same  congrnence  ^^^^  respect  to  the  modntiia  S9t    Hera  in 

the  expiesston 

where  p  denotes  a  cube  root  uf  unity,  we  have,  putting  V  — 7^  +  14*,  and 

the  irrational  cube  roots  disappearing  of  themselves.   Again,  putting 
we  find 

:r-7±|v::s(|V2i)W+(iv^y 

(7)*=7±16=-6  or  -9, 
where  every  radical  becomes  rational  of  itself.    Similarly  taking  the  values 
V^^  — 14,  1±  V^),  we  find  a:s—S  or —18.   But  lastly, 

putting  V^»-*H,  p»l,  we  find 

«sI2+iCl4+7V23*+jCU-7V8]». 

To  rationalize  this  expression,  we  have  to  observe  that  14+7^2,  relatively 
to  the  modulus  89,  Js  the  cube  of  a  complex  number  of  similar  form ;  in  fiiot, 
we  have  (14  ±7  V2)s-(5±11  ^2)%  mod  89,  whence  dfs^4.  To  elicit, 
therefore,  the  value  of  this  root  from  the  irrational  formula,  we  are  obliged  to 
solve  the  cubie  congruence  jr'5l4>+7  V 2,  which,  although  of  lower  dimen- 
sions than  tfie  proposed  congruence,  m  probably  less  easy  to  solve  tentatively, 
because  29  has  29"'  — 1  =840  residues  of  thp  form  a  +  ^V2,  and  only  29 — 1 
=  28  ordinary  integral  residues;  so  that  practically  the  nitflioil  fail*.  Theo- 
retically, however,  the  relation  between  the  analytical  expression  of  the 
equation-roots  and  the  values  of  the  congruence*roots  is  of  eonsidcrable 
importance,  and  the  subject  would  certainly  repay  a  closer  examination 
than  it  has  yet  received.  We  may  add  that,  if  m  be  a  divisor  of  1, 

%  IM,  p.  132. 

■ 
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the  complete  solution  of  an  Abelian  congruence  of  order  m  requires  only 
two  things, —  1st,  the  complete  solntion  of  the  congruence  — 1=0, 
mod  p,  and,  Sndl)-,  the  delerminatiuji  ui'  a  .single  rout  of  a  certain  con- 
grutnce  of  the  form  ar^»— «^0,  mod  />,  in  which  a  is  an  ortiiiiiiry  integer; 

1 

80  that  in  tiiis  ca»6  (which  is  that  of  the  congruence  — j-^0»  mod  43) 

we  obtain  a  real>  and  not  only  an  apparent  reduction  of  the  proposed  con- 
gruence*. 

It  should  also  be  observed  that  the  primitive  roots  of  the  equation 

it*  — 1 

 fttniisht  when  lationaUsed,  the  primitire  roots  of  the  coagraenoe 

X —  1 
 J 

—f  sO»  mod  ji*  This,  the  only  direct  method  that  has  ever  been  suggested 

X —  1 

for  the  determination  of  a  primitive  root,  appears  to  be  the  same  as  that 
referred  to  by  Gauss  in  the  Duq.  Arith.  (art.  73). 

Poinsot  expresses  the  conviction  that  this  method  of  rationalization  is 
applicable  to  any  congruence  corresponding  to  an  equation,  the  roots  of 
which  can  be  expressed  by  radicalsf .  With  regard  to  equations  of  the 
second,  third,  and  fourth  orders  this  is  cei  taiuiy  true.  If,  for  example,  the 
biquadratic  equation  (x)miO  be  completely  resoluble  when  considered  as 
a  congruence  for  the  modulus  p,  so  that  F^(x)  =  (x—a^)(x—a^)(9e^a^) 
(x^a^,  mod  p,  it  is  plain  that  the  four  roots  of  F(x)s=0,  and  the  four 
numbers  a^,  a^,  a,,  may  be  obtained  by  substituting,  in  the  general  forrmila 
which  expresses  the  root  of  any  biquadratic  equation  as  an  irrational  function 
of  its  coefficients,  the  values  of  the  coefficients  of  the  functions  I'  {xj  and 
(Sf— aj  (a?— a,)  (x— a,)  (x—aj  respectively.  But  these  two  sets  of  CoeflB- 
cients  differ  only  by  multiples  of  p;  t.  s.  the  values  of  a^f  a^,  a,,  can  be 
deduced  from  the  expressions  of  the  roots  of  F(x)=:0  by  adding  multiples 
of/?  to  the  pnmliers  which  enter  into  those  exprc<^^ion ^.  But  this  reasoning 
ceases  to  be  applicable  to  equations  of  an  ordt-r  higher  than  the  fourth, 
because  no  general  formula  exists  representing  the  roots  of  an  equation  of 
the  fifth  or  any  higher  order.  If,  therefore,  F(ar)=0  be  an  equation  of  the 
nth  order,  the  roots  of  which  can  be  expressed  by  a  radical  fonnula»  and 
which  is  also  completely  resoluble  when  considered  as  a  congruence  for  the 
modulus /7,  so  that  F(x)=(x—a^)(x•—a^).,.(x—an)y  mod  it  will  not 
necessarily  follow  that  the  formula  which  gives  the  roots  of  F(.r)=0  is  also 
capable  (when  we  add  multiples  oi'  p  to  the  numbers  contained  in  it)  of 
giving  the  roots  of  («— aj(x— a„) .  • .  (x— a«)=0,  i.  e.  the  roots  of  the  con- 
gruence F(x)sO,  modp;  and  thus  the  principle  enunciated  by  M.  Poinsot 
is,  it  would  seem,  not  rigorously  demonsdrated. 

67.  Cubic  and  Iii(/uadrcUic  Congruences. — The  reduction  of  cubic  con- 
gniences  to  binomial  ones  has  been  treated  of  by  Cauchy  (Exereice^ 
Mathematiques,  vol.  iv.  p.  279),  and  more  completely  by  M.  Ohramare 
(Crelle,  vol.  xlv.  p.  314).  Some  eases  of  biquadratic  congruences  are  also 
considered  by  Cauchy  in  the  memoir  cited,  p.  286.  The  following  criteria 
for  the  resolubility  or  irresolubility  of  cubic  congruences  include  the  results 
obtained  by  M.  Oltramare,  /.  c,  and  appear  sufficiently  simple  to  deserro 
insertion  here : — 

TiCt  the  given  cubic  congruence  be 

*  Tlii'i  will  he  at  once  evident,  if  we  n>i^rrv<"  that  when  the  conf^ticncc  t"^  1,  mo(l  p, 
u  completely  rcsoluhlc,  ii:*  roots  way  be  ciuployed  to  replace,  in  Abel's  method,  ihe  roots  td 
ttM  equation  x"—  1  <=  0. 

t  See  the  m—wto  dtsA  sboTs^  pw  107,  sad  M.  libri,  IMmoim  Je  Msthlmstiqns  st  Phy- 
uqae,  p.  63. 
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aa'+SA(P+8c0-f  rf=0,  mod p, 

p  denoting  a  prime  greater  than  3,  which  doet  not  divide  the  ditcrimiDtDt  of 
the  congruence;  t. e.,  the  number 

and  in  connexion  with  the  congmenee  eontider  the  allied  tyitem  of  fanctiont* 

H=(oc-6%  \{ad-bc),  bd-c-)  {x,y)\ 

which  are  connected  by  the  equation 

let  alio  u  and  ^  denote  the  values  of  U  and  ^  corresponding  to  any  given 
values  of  x  and     which  do  not  render  11^0,  mod  p.  Then,  if  ^i^^av^l^ 

the  congruence  has  always  one  uiid  only  one  real  root;  if  ^:^^=.-f  l,  it  has 
either  three  real  loots,  or  none:  vit,  if  •  + 1,  it  has  three; 

if  D)^^p^  or         it  has  none.    The  interpretaUon  of  the 

cubic  symbol  of  reciprocity  will  present  no  difficulty  if  we  observe  that  V  —  D, 
mod  /»,  is  a  real  integer  i(p^Sn+  i,ue*  if  ^I^^sl,  and  that,  if ji»3f»— !» 

i,  a.  if  V^sV^X  VjDs(p-p*)VjD,modji, 

ao  that  V  mod  p,  is  a  complex  integer  involving  p.  It  will  however  be 
observed  that  the  application  of  the  criterion  requires  in  either  case  the  solu- 
tion of  a  quadratic  cnngriirncr,  r'— —  D,  mod  p,  or     "  !^D,  mod  p. 

Similar,  but  of  course  less  simple,  criteria  for  the  resolubillty  or  irrr?olu- 
bility  of  biquadratic  congruences  may  be  deduced  from  the  known  formulae 
for  the  Boluiion  of  biquadratic  equations. 

68.  Quadratie  Coitffruene^^Indheet  Meihodi  if  Sehtiiom* — ^Tbe  general 
form  of  a  quadratic  congruence  isoc'+Sto+c^O,  mod  Pf—p  denoting  an 
uneven  prime  modulus,  and  a  a  number  prime  to  p.  It  may  be  immediately 
reduced  to  the  binomial  form  r^-  D,  mod  p,  by  putting  r=ajr+A,  D^6* 
— fic,  mod  p.  The  number  of  its  soluliuns  is  2,  0,  or  1,  according  as  D  is  a 
quadratic  residue  or  non-residue  of />,  or  is  divisible  by  jp,  and  is  therefore 

in  every  case  expressed  by  the  formula  1  "^^'^ 

If^=4.M4-i3,  and  ^5^=1,  the  congruence    — D=0,  mod p^  is  satisfied 

by  r  D"  +  ',  and  r=— D^^',  and  is  in  fact  resoluble  by  the  direct  method 
of  art.  65.  Hut  no  direct  method,  applicable  to  the  cn-^p  when  p==4ri-f  1, 
is  at  present  known.  Two  tentative  methods  are  proposed  in  tlie  sixth  sec- 
tion of  the  Disquisitionea  AriLnmeticae.  They  are  both  applicable  to  con- 
grueoees  with  composite  as  well  as  with  prime  modules.  This  ohrettmstaDoe 

*  See  a  note  by  Mr.  Cayley  in  Crelle'i  Journal,  toL  L  p.  285. 
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U  important,  because,  when  the  modulus  is  a  very  great  number,  we  may  not 
be  able  to  tell  whether  it  is  prime  or  composite,  ami,  if  composite,  what  the 
primes  are  of  which  it  is  eomposed,  although,  when  the  prime  diviton  of  a 
composite  modtilui  are  known,  it  is  simplest  fint  lo  solve  the  congruence  for 
each  of  thorn  sppirntol)',  and  afterwards  (by  a  method  to  which  we  shall 
hercnfter  refer)  to  deduce  from  these  solutions  Ou*  solution  for  the  given 
composite  modulus.  To  apply  the  first  of  Gauss's  metho<ls,  the  congruence 
is  written  in  the  form  r'sBD  +  Py,  P  denoting  the  modulus.  If  in  the  formula 
V«D+IV     sttbetitate  for  y  in  aacoeaaioa  all  integral  values  which  satis^ 

the  inequality  — p'<y<iP— ^»  and  select  those  values  of  V  which  are  per- 
fect squares,  their  root'?  (taken  positively  and  negatively)  will  give  us  all  the 
solutions  of  tiie  congrm  mcp.   We  should  thus  have  I^P  or  l  +  IiP  trials  to 
make,  I  denoting  the  greatest  integer  contained  in  the  fraction  before  which  it 
is  placed.   If,  however,  we  take  any  naml>er     greater  than  2,  and  orime  to 
P  (it  is  simplest  to  take  for  E  a  prime,  or  power  of  a  prime)i  of  wnich  the 
quadratic  non-residues  are  a,    e, ... ,  and  then  determine  the  values  of  o»  fi,  y* 
...  in  the  congruences fl—D 4-" niod  E,  b(s^'D-\-ftP,  mod  E,  &c.,  we  shall 
find  that  every  value  of  y  containpd  in  one  of  the  linear  forms  wF-f-a, 
#»E+/3,  &c,  gives  rise  to  a  value  of  \'  which  is  a  quadratic  non-residue  of 
E,  and  which  cannot,  therefore,  be  a  perfect  square ;  so  that  we  may  at  once 
exclude  these  values  of  y  from  the  series  of  numbers  to  he  tried.  A  second 
txchidnit  E'  may  then  be  taken,  and  by  its  aid  another  set  of  linear  forms 
may  bo  dott^rfinncd,  such  that  no  value  of  y  contained  in  them  can  satisfy 
the  congruence.    Thus  the  number  of  trials  may  be  (limirjislit  ci  as  far  as 
wc  please.    The  application  of  this  method  is  still  further  facilitated  by  the 
circumstance  that  it  Is  not  neoessaty  actually  to  solve  the  congruences 
asD+aPf  mod       .  but  only  the  single  congruence  D+PysQ^  mod  £ 
(Disq.  Arith.  art  S82).   Gau^^s's  second  method  depends  on  the  theory  of 
quadratic  forr!i«:  it  supposes  that  the  conji^ruence  is  written  in  the  form 
r'-f-D— "0,  mod  P.    By  a  tentative  process  (abbreviated,  as  in  the  i\v^t 
method,  bv  the  use  of  cxcludents)  Gauss  obtains  all  possible  prime  representa- 
tions of  P  by  the  quadratic  forms  of  determinant  — D;  whence  the  com- 
plete solution  of  the  coneruence  H+D^O,  mod  P,  is  immediately  deduced. 
This  method  Involves  trc  construction  of  a  complete  sy!«tem  of  quadratie 
forms  of  determinant  — D,  or,  if  the  prime  factors  of  D  bt-  known,  of  one 
genus  of  forms  of  that  system  ;  it  becomes  therefore  more  difficult  of  appli- 
cation  as  D  increases,  whereas  the  first  method  is  not  ati'ected  by  the  increase 
of  D.  The  second  method,  however,  especially  recommends  itself  when  P  is 
a  very  great  number ;  in  fact,  if  we  do  not  employ  any  excludent,  the  number 
of  trials  required  by  the  first  method  varies  (approximately,  and  when  P  is 
a  great  number)  as  P,  whereas,  on  the  same^iippo'^ition,  the  number  of  trials 
required  by  the  second  melhod  varies  n'^  V  D  X  V  P. 

^I.  Desmarest  (in  his  Theorie  des  Nombres)  has  proposed  a  melhod  less 
Bcientiiic  in  its  character  than  those  of  Gauss,  but  sometimes  easily  applicable 
id  practice.  He  has  shown  tliat  if  the  congruence  r*«f  D^O*  mod  P,  be  re- 
soluble, we  can  always  satisfy  tlic  equation  mP^j^-^Dj^  with  a  value  of 
p 

m  inferior  to  ~— .+3,  and  of  y  not  superior  to  S.   The  demonstration  of  this 

1 6 

theorem  is  not  very  satisfactory,  and  the  number  of  trials  that  it  still  leaves 
Is  very  great,  vii.  ^    ^  + 
The  application  of  Gauss's  second  nietliod  is  rendered  somewhat  more  uni* 
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form,  and  at  the  same  time  the  necessity  for  constructing  a  system  of  qua- 
dratic forms  of  determinant  —  D  is  avoided  by  the  following  modification  of 
it:— By  a  known  j)roperty  of  quadratic  forms,  whenever  the  congruence 
r*  +  D=0,  mod  P,  is  resoluble,  the  equation  mP=a?'+Dy'  is  resoluble  for 

Bome  value  of  m  <:  ^/y^.   By  auigaing,  therafofe,  to  m  all  values  in  sue- 

eesBion  wMeti  are  inferior  to  that  limit,  and  wliieh  mtbfy  the  eondition 

^  i^)*        ^^^^  obuiaing  (by  Gauss's  method)  all  prime  representa- 

lions  of  the  resulting  products  by  the  form  s^^Dj^^  we  shall  have  rsj^'^ 

±~,,.,  mod  P,  afy     x", y  etc. denoting  the diflhvent  pairs ol  values 

of  X  and  y  in  the  equation  ;»P=x'-f-iV'* 

bii.  General  Theory  of  Congruences, — We  may  iiiler  from  several  passages 
in  the  Disqnisitiones  Arilhnietiee»  that  Gauss  iotended  to  give  a  genial 
theofy  of  congruences  of  every  order  in  the  8th  section  of  his  work»  and 
tliat,  at  the  time  of  its  publication,  he  was  already  in  possession  of  the  prin- 
cipal theorems  relating  to  the  subject*.  Tlicse  theorfm?  were,  Tiowever, 
first  given  by  Evariste  Galoist,  in  a  note  published  in  tlie  iiullotiii  Jo  Ferus- 
sac  for  June,  1830  (vol.  xiii.  p.  4>S8),  and  reprinted  in  Liouvilie's  Journal, 
voL  xu  p.  S98.  An  account  or  Galois's  method  (completed  and  extended  in 
aome  respects)  wiU  be  found  in  M.  Serret*s  Cours  d'Algdbre  Sup^rieure» 
lefonfifi.  The  tlieory  has  also  been  independently  investigated  by  M.Schoe- 
nemann,  who  seems  to  have  been  unacquainted  with  the  earlier  researches  of 
Galois  (see  Crelle's  Journal,  vol.  xxxi.  p.  Qid9t  and  vol.  xxxii.  p.  93).  In 
several  of  Cauchy's  arithmetical  memoirs  (see  in  particular  Exercices  de 
Math^matiques,  vol.  i.  p.  160,  vol.  Iv.  p.  217  ;  Comptes  Rendus,  vol.  zxiv. 

1 117 ;  Exereices  d*ADalyse  et  de  Physique  Math^matiqne,  vol.  iv.  p.  87) 
we  find  observations  and  theorems  relating  to  it.  Lastly,  in  a  memoir  in 
Crelle's  Journal  (vol.  liv.  p.  1)  M.  DfMjckind  has  p-ivf^n  (with  important 
accessions)  an  excellent  and  lucid  r^sum^  of  the  results  obtained  by  his  pre* 
dccei»sors. 

In  the  following  account  of  the  principle  of  this  theory,  the  functional 
nymliols  F,  •  *  •  will  represent  (as  in  general  throughout  thb  Report) 
rational  and  integral  functions  liaving  integral  coefficients;  we  shall  use  p 

to  denote  a  prime  modulus,  and  x  an  absolutely  indcti^nninate  quantity.  As 
wo  shall  have  to  consider  the  functions  V(x)y/{x)f  t//(x),  etc.,  only  in  relation 
tri  t]i(t  modulus p,  we  shall  consider  two  Functions  F,  (x)  and  i*a(*)»  which 
d'lil'ei-  oiily  by  multiples  of  as  identical,  and  we  shall  represent  their  identity 
by  the  congruence  (x),  mod  p,  which  is  equivalent  to  an  identical 

equation  of  the  form  h\(x)=^F^{x)-\-pp (x).  The  designation  "modular 
function,"  which  has  been  introduced  by  Cauchy  (Comptes  Rendus,  vol.  xxiv. 
p.  I  MH)  will  serve  (though,  perhaps,  not  in  itself  very  appropriate)  to  indicate 
that  the  fuaction  to  which  it  is  applied  is  thus  considered  in  relation  to  a 

*  See  Disq.  Arith.  art.  11  and  43. 

t  Galois  wa*  born  October  2ri,  1911.  and  lost  hit  life  in  a  duel,  May  30,  1832.  He  was 
coDsequently  eighteen  at  the  time  of  the  pubhcaUon  of  the  note  referred  to  iit  the  text.  Hia 
valbemiticu  works  are  oolleeted  in  Liouville's  Jonratt,  vol.  xi.  381.  Obieurs  and  ftsg* 
mentary  as  some  of  these  papers  are,  Ihpy  nevertheless  evince  on  extrnordinan'  pcnins,  un- 
paralleled, perhaps,  for  its  e^irly  luaturiiy,  except  by  that  of  I'ustal.  It  is  iiupo!!.!»iblc  to  read 
without  emotion  the  letter  in  which,  on  the  day  IxTare  his  death  and  in  anticipation  of  it, 
Galois  endt^nvotir^  to  rescue  from  n'  livion  the  unfinisheil  rescscches  which  have  givca  hiia  m 
place  for  ever  io  the  Iti&torjr  of  tuoiheniatical  science. 
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primp  mndnin?.  Since  in  anv  modular  function  vtc.  may  omit  tho<e  forms 
the  cocHicitnts  of  which  are  nniltiplcs  ol'/j,  we  shall  always  suppose  that 
the  coerticient  of  the  highest  power  of  ar  in  the  function  is  prime  to  p. 

If  F (*)=/,  (x)  X {x)t  mod  /),  {x)  and  (x)  are  each  of  them  said  lo 
be  dititarg  of  Y{x)for  the  modulus  or,  more  bnefLjf  modular  divisors  of 
F(j:),  or  even  simply  divisors  of  T(x)  when  no  ambiguity  can  arise  from  this 
ellipfirai  mode  of  expression.  If  a  be  a  function  of  order  zero,  i.  e.  an  intpgTT^l 
number  prime  to  p,  a  is  a  divisor,  for  the  niodulus/*,  of  every  other  DUHinIar 
fuuctioD;  so  that  we  may  lonsider  the  p~l  t«'rms  a^,  n^,  Oj,  , . .  a^— i,  ot  a 
•ystem  of  residues  prime  to  as  the  uuit^  of  this  theory,  and,  in  any  set  of 
p-^  X  ojujcfaterf  Amctfons 

a,  F(j:),         F(^),  F(j'), 

ve  may  distinguish  that  one  as  primary  in  which  the  highest  coefficient  is 
congruous  to  unity  (mod  p). 
If  F(:r)  be  a  fbnction  which  is  divisible  (mod  p)  by  no  other  funetion 

(except  the  units  and  iu  own  associates),  F(^)  is  !i>aid  to  be  a  prime  or  irre- 
ducible function  for  the  modulus  p.  And  it  is  a  fundamental  proposition  in 
this  theory,  that  every  modular  function  can  be  expressed  in  one  way,  and 
one  way  only,  as  the  j^roduct  of  a  unit  by  the  powers  of  primarj'  irreducible 
nioiiular  iunelions.  The  demonstration  of  this  theorem  depends  (precisely 
*4  III  the  case  of  ordinary  integral  numbers)  on  EucUd*s  process  for  finding 
the  greatest  common  divi8or>  which,  it  is  easy  to  »how,  is  applicable  to  iwe 
modular  functions  we  are  considering  here.  For,  if  tp^  (ar)  and  ^^{x)  be  two 
such  functions  [the  degree  of  r)  h(  in*^  not  higher  than  that  of  fi{»}Jf 
we  can  always  form  the  series  ot  congruences 


In  which  Tj,  r„  . .  .  denote  integ:ral  numbers,  7  (r),  y„(vr),  . . .  modular  func- 
tions) and  91(0:),  f^{x)i ....  primary  modular  iuuctious,  the  orders  oi  whicii 
mra  aueceirively  lower  and  lower,  tmtil  we  arrive  at  a  congruence 

ff>k(^)^qk{^^)  ^k^i  (x)-\-rk<f>k+i(x),  mod p, 

in  which  r^^O,  mod The  function  0i-^  i(a  )is  then  the  greatest  romniou 
divisor  (mod/?)  of  the  given  functions  (x)  and  f^ix);  and,  in  particular, 
if  f  »+i  (f)  be  of  order  zero,  tho:ie  two  functions  are  relatively  prime.  We 
may  add  that*  if  R  be  the  JHenUiani  of  ^X^)  I'tM^  necessary  and 
sufficient  condition  that  these  functions  should  have  a  common  modolar 
divisor  of  an  order  higher  than  zero  is  contained  in  the  congruence  R^0» 
mod  p* — a  theorem  exactly  corre-ipotiding  to  an  important  uIl^k  Imieol  pro- 
position. From  the  nature  of  the  process  by  which  the  greatest  common 
divisor  is  determined,  we  may  infer  the  fundamental  proposition  enunciated 
above,  by  precisely  the  same  reasoning  which  establishes  the  corresponding 
theorem  in  common  arithmetic  Similarly,  we  may  obtain  the  solution  tn 
the  following  useful  problem: — "Given  two  relatively  prime  modular  func- 
tions A„,  and  A„,  of  the  orders  m  and  //,  to  find  two  other  functions^  of  the 
orders  m — i  andn — 1  respectively,  which  satisfy  the  congruence 

A«X|,-i— A«X»,_i=l,  modp" 

*  See  Ctnchy,  Excrdces  de  ^^athl■mat^que8,  vol.  i.  p.  160,  or  M.  l.ibri,  M^moires  de  Mtth^- 
mntiqup  ct  <1p  iMtysiqnp,  pp.  7'i,  74.  But  a  proof  of  tlus  propotitioa  M  resUy  coutaineA  km. 
lAgnagt  *  AddiUouA  to  Ruler's  Algebra  («ect.  4). 
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The  aiMiiion  tliat  f(m)  it  a  divtfor  of  F(j),  for  Ibe  nodolut  jp  is  Ibr 
brevilj  esproMed  by  the  oongrueoUal  formula 

F(4r)sQ.  mod  [>, 

wbioli  repreieuts  an  equation  of  ilie  form 

Similarly  the  ooograenee  Fi(«)5P,(jp),  mod  is  equivalant  to 

the  equation 

F|(*)-F,(*)+;>^W+/(x)  ^  {x). 

If  y(.r)  be  a  function  of  order  »j,  it  is  evident  that  any  ^tvon  function  is 
congruous,  for  the  compound  modulus  (  r)]  to  one,  and  one  only,  of 

the  functions  contained  in  the  formula  a^-k-a^x-^-  ...  4"«w-i  ^"""S  in 
which  o^,  a^,  ...am-i  may  have  any  values  from  zero  to  p — 1  inclusive. 
These  fhnetions,  therefore,  represent  a  complete  system  of  residues  for 
the  modulus  Cp»./'(iO]. 

A  congruence  F(X)^0,  mod  [/>,/(jr)],  \s  said  to  be  solved  when  a  func- 
tional value  is  assigned  to  X  which  render;?  the  left  fmnd  member  divisible 
hy  J'(x)  for  tiie  modulus  and  the  number  ofsoiutidus  of  the  congruence 
is  the  Dumber  of  functional  values  (incongruous  mod  [j>>y(^)])  which  may 
be  attributed  to  X.  The  coefficients  of  the  powers  of  X  in  the  function  F(X) 
may  be  integral  numbers  or  functions  of  jf.  The  linear  congrueoce  AX= 
mod  [/>>/(<3r)]«  in  which  A  and  H  denote  two  modular  functions,  is,  in 
particular,  always  resoluble  when  A  is  prime  io/^x),  mod  p,  and  admits*  in 
that  case,  of  only  one  solution. 

We  9haU  now  suppose  that  the  function  f(x)  in  the  compound  modulus 
CP'/C^)]  Is  irreducible  for  the  modulus  p^ — a  i>upposition  which  involves  the 
consequence  that,  if  a  product  of  two  factors  be  congruous  to  zero  for  the 
modulus  [/Ki/(4p)3t  one,  at  least,  of  those  factors  is  separately  congruous  to 
7rro  for  the  same  moduln?.  We  thus  obtain  the  principle  (rf.  art.  1 1 )  that 
no  eoncruence  can  have  more  solutions,  fur  an  irreducible  compound  modu- 
lus, than  it  has  dimensions.  For,  if  X  =  ^,  mod  [,Pt/{x)'}f  satisfy  the  con- 
gnienee  Fm(X)=0,  mod  [/?,/(.r)],  we  find 

F„,(X)rzl,„^X)-F„»(0^(X-yF„_,(X),  mod 

Fm-i(X)  denntin^r  a  new  function  of  order  m  —  1,  whence  it  follows  that  if 
the  principle  be  true  for  a  rotigrucnce  of  m — 1  dimensioosy  it  is  also  true  for 
one  of  m  dimensions;  t.  e,  it  is  true  universally. 

70.  Exiem$ion  qfJFermats  TTIeortm^t^iB  denote  any  one  of  the/i^— 1 
fesidues  of  the  modulus  which  are  prime  to  f(x);  it  may  be 

shown,  by  a  proof  exactly  similar  to  Dirichlet's  proof  of  Fermat's  theorem, 
that 

ep-^-isl,  mod  |>/(«)3  (A) 

This  result,  which  is  evidently  an  extension  of  Fennafs  theorem,  involves 
several  important  consequences. 

It  implies,  in  the  first  placf*,  the  existence  of  a  theory  of  residupw  of  powers 
of  modular  functions,  with  rt  spcct  to  a  compound  modulus,  precisely  similar 
to  the  theory  oi  the  residues  oi  the  powers  of  integral  numbers  with  regard 
to  a  common  prime  modulus.  A  single  example  (taken  from  M.  Dedekind's 
memoir)  will  suffice  to  show  the  exact  correspondence  of  the  two  theories. 
The  modular  function  6  is  or  is  not  a  quadratic  residue  of  for  the 

modulus  according  as  5t  is  or  is  not  possible  to  satisfy  the  quadratic  con- 
gruence X^ssOf  mod  Lp$J(x)2»  In  the  former  case  6  satisfies  the  congruence 

M  2 
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■«l(y»-»)=l,  mod  in  the  latter,  el  p*"-!  =-1,  mod  Ip,  /(r)]. 

Audi  furtheri  if  0|  aad  0,  be  two  primarj  irreducible  modular  functions  of 

the  ofden  m  and  ii  respectively,  and  if  we  use  the  symbols    J  and  |^^J  to 

denote  the  positive  or  negative  units  which  satisfy  the  congruences  64(j»*— D 
^  [^^ J ,  mod  (/>,  ej,  aod  a,*        ^      ,  mod  0>,  fi,),  respectiveiy,  these 

two  symlx»ls  are  connected  by  the  law  of  reciprocity       =(—  1)"*"  . 

Bot  the  eqoatioB  (A)  admits  aUo  of  aa  immediate  application  to  the  theory 

of  ordinary  congruences  with  a  simple  prime  modulus. 

In  that  cijuation  let  us  asjsi^Mi  to  d  the  particular  value  ;  we  conclude  that 
the  tuiicliun  r?'"'-!  — 1,  is  divisible  for  the  juoUulus  ^  by /(a*),  i.e.  by  every 
irretiucible  modular  function  of  order  w.  Further,  if  be  a  divisor  ot  m, 
flf^-i  — 1  is  algebraically  divisible  by  ;r^*'*— 1  ;  whence  it  appears  that 
jPf>M-i_l  is  divisible^  for  the  modalus     by  every  function  of  which  the 

order  is  a  divisor  of  M.  Bttt  it  b  easily  shown  that  —1  is  not  divisiUe 
(mod  p)  by  any  other  modular  fnnction»  and  that  it  eannot  contain  any 
unltiple  modular  factors.  Hence  we  have  tiie  indeterminate  congruence 

*^->-l^n/(a-),mod;i,   (B) 

ia  which  f(x)  denotes  any  primary  and  irreducible  function,  the  ord«>  of 
which  is  a  divisor  of  m,  and  the  sign  of  multiplication  IT  extends  to  every 
value  of  This  theorem,  again,  is  a  generalization  of  Lagrange's  inde- 

terminate congruence  (art.  10).  W  c  may  luier  iruin  it  that,  when  m  b  :>1, 
the  number  of  primary  functions  of  order  which  are  inedudltle  for  the 
modulus  pt  is 


^3*  •*  *  denoting  the  ditferenl  prime  divisors  of  m.  As  this  expression  is 
always  different  from  zero,  it  follows  that  there  exist  functions  of  any  given 
order»  which  are  irreducible  for  the  modulus  p, 

A  congruence  F(x)~0,  mod  p^  may  be  considered  resolved  when  we 
have  expressed  its  left-hand  member  as  a  product  of  irreducible  modular 
lacloi  -;.  The  lincnr  factors  (if  any)  then  give  the  roa!  .<fplutinn«;  the  factors 
of  higiier  ordora  may  be  supposed  to  represent  imagiuary  solutions.  We  have 
already  observed  tliat  even  when  all  the  modular  factors  of  F(x)  are  linear, 
we  possess  no  general  and  direct  method  by  which  they  can  be  assigned ;  it 
is  hardly  necessary  to  add  that  the  problem  of  the  direct  determination  of 
Diodular  factors  of  higher  orders  than  the  first,  present*  even  greater  dith- 
cultie?.  Nevertheles!*  the  convenience  (B)  enables  us  to  advance  one  step 
toward  the  decomposiliou  of  IX*^')  i'^^^  i^  irreducible  factors;  for,  by  means 
of  it,  we  can  separate  those  divisors  of  F(jr)  which  are  of  the  same  order, 
not,  indeed,  from  one  another,  but  from  all  its  other  divisors.  We  may  first 
of  all  suppose  that  F(x)  is  cleared  of  its  multiple  factors,  which  may  be 
done,  as  in  algebra,  by  invesiigatiug  the  greatest  eonmion  divisor  of  F(a') 
and  for  the  modulus  p.    The  greatest  conimon  divi'<f>r  (mod  of 

F(df)  and  a:''"*  — 1  will  then  give  us  the  product  ot  all  tiie  bnear  modular 
Iketors  of  F(^) ;  let  F(«)  be  divided  (mod  p)  by  that  product,  and  let  the 
quotient  be  the  greatest  common  divisor  (mod  p)  of  F)(^)  and 

will  give  us  the  product  of  the  irreducible  quadratic  Mtan  of  t{9) ; 
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and  hw  eontintting  tbw  procefs,  we  sball  obtain  the  partial  molation  of  F(jr) 
to  which  we  have  referred. 

71*  Imaginary  Solutions  of  a  Congruence, — We  have  soid  tliat  the  non- 
linear modular  factors  of  F(j:)^0,  mod  may  bo  considered  to  represent 
imaginary  solutions.  These  imaginary  solutions  can  be  uclualiy  exlubited, 
if  we  allow  ourselves  to  assign  (o  x  certain  complex  values.  The  following 
propoiitioD,  which  shows  in  what  manner  this  maf  be  eAseted*  Is  doe  to . 
Galois : — 

**ltf(sf)  represent  an  irreducible  modular  function  of  order     the  ooop 
gmence 

F(e)=0,  mod  lpj(x)2, 

ia  completely  resoluble  when  F(j')  is  an  irreducible  modular  function  of 
order  m,  or  of  any  order  the  index  of  wfiich  h  a  divisor  of  m." 

To  establish  this  theorem,  writn  0  tor  or  in  equation  (B);  we  find  flp*"-'  —  1 
—  nF(0),  niod/>,  the  sign  of  multiplication  n  extending  to  every  irreducible 
nii)dLi[ar  function  having  m  or  a  divisor  of  m  for  the  index  of  its  order. 
hill  the  congruence  mod  admits  of  as  many  roots  as 

it  has  dimensions ;  therefore  also  every  divisor  of  Of^"^^!,  and,  in  particular^ 
the  function  F(0)  considered  as  a  congruence  for  the  same  compound  modn* 
Itts,  admits  of  as  many  roots  aa  it  has  dimensions. 

Let  the  order  of  the  rongrueucc  F(fj)    0,  mod  be     and  let 

any  one  of  it^  roots  be  represented  by  ;• ;  it  may  be  shown  that  all  its  roots 
are  represented  by  the  terms  of  the  series  r,  rPy  r'  ',  .  .  .  7  P*~'.  For,  if 
F(r)=0,mod  [;?,/(ir)],  we  have  also  F(rP)--[F(r)]/^^0,  mod 
and  similarly  F(r/^)=[F(r)]i''^0,  mod pi  so  that  r,  rP,  rP\  ...  r/'*~'  are 
all  roots  of  F(d)sO,  mod  Cp,f{^)]  >  It  remains  to  show  that  these  ^  func- 
tions are  all  incongruousy  mod  [/>f/(x)].  If  possible  let  r^'^'^^sr^', 
mod  h  and  Af  being  less  than  i;  we  have^  raising  each  side  of  tbia 

congruence  to  the  power  p*-**,  r^"''*sr**,  mod  Ci^/(*)]»  ^  *•  rJ»*sr,  or 
f**-'sl,  mod  Zp*A^)^*  observing  that  ri^sr,  mod  [iH/(*)}f  becauaa 
rP^~^ — 1  is  divisible  by  F(r)  for  the  modulus  p.  We  conclude,  thereforci 
tJiat  r  is  a  root,  mod  ZPf/i»)2»  some  irreducible  modular  divisor  of  the 
function  0^->  —  1,  i.  e.  of  some  irreducible  function  of  an  order  lower  than  ?, 
because  A  is  Ies«»  than  ^  •  r  i";  thcreff  rr  a  root,  mod  Q/l, of  two  different 
irreducible  modular  tuuclions,  which  is  impossible. 

If,  thereiore,  we  suppose  .r  to  represent,  not  an  indeterminate  quantity, 
bnt  a  root  of  the  equation  f(x)^0,  we  may  enunciate  Galois'  theorem  as 
follows 

'*  Every  irreducible  congruence  of  order  m  is  completely  resoluble  in  com- 
plex numbf-r*  composed  with  roots  of  any  equation  which  is  irreducible  for 
the  modulus/;*,  and  which  has  m  or  a  niuliij)le  of  m  for  the  index  of  its  order. 

'*And  all  its  roots  may  be  expressed  as  the  powers  oi'uny  one  of  them." 

72.  Ccj^^moiesf  having  Powen  ff  Primet ^or  thenr  Modul€$.^li  remains 
for  us  to  advert  to  the  theory  of  congruences  with  composite  modules-— a  sub* 
ject  to  which  (if  we  except  the  case  of  binomial  coi^ruences)  it  would  seem 
that  the  attention  of  arithmeticians  has  not  been  much  directed.  We  shall 
suppose,  first,  that  the  modulus  is  a  power  of  a  prime  number. 

The  theorem  of  Lagrange  (art.  II  ),  and  the  more  general  proposition  of 
art.  69>  In  which  it  is  (as  we  have  seen)  Indudedt  cannot  be  extended  to 
congruences  having  powers  of  primes  for  their  modules. 

Let  the  proposed  congruence  be  F(«)^0,  mod  p*" ;  and  let  us  suppose 
(what  ia  here  a  reatrietion  iff  the  generality  of  the  problem^  that  (he  wtj^ 
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cient  of  the  highest  power  of  a?  in  T(x)  is  prime  to  p,  or,  which  comes  to  the 
■ame  thing,  that  it  is  unity.  Lot  F  (ar)  ^  PxQ  X  11 . . .  mod />, — P,  Q,  H, 
. being  powrrs  ol  liifforeiit  irreducible  modular  function^.  It  may  ihcn  be 
§hown  that  F  (a:)  ^  F'  X  Q'  X  11' . . . ,  mod  /)"»,  where  P',  Q',  11', ...  ere  lunc- 
tioat  of  the  Hune  order  u  P,  Q,  R, . . . ,  mpeetively  congruous  to  them  for 
the  modulus  />,  and  deducible  from  them  by  the  solution  of  linear  coogra* 
ences  only.  We  have  thus  the  theorem  that  F  (x),  considered  with  respect 
to  the  modulus />"*,  can  always  be  rosolvcd  in  one  way  and  in  one  way  tmlv, 
into  a  product  of  inoduUr  funeliotisi,  each  ol'  wlucli  rflatively  prime  (lor  ibe 
modulus^}  to  aii  the  rest,  uud  is  congruous  (for  the  same  modulus /i)  to  a 
power  of  ao  irredacible  foDOtioo*  We  may  therefore  replaoe  the  coDgruenoe 
F(7}sO»  mod  p^f  hv  the  eoogruences  P'  =  0,  mod  p^,  Q'sO»  mod  p^, 
mod  /i^, .. .  But  no  general  investigation  appears  to  have  been  given 
of  the  peculiarities  that  may  be  presented  by  a  congruence  of  the  form 
P'  =  0,  iTiod  in  the  case  in  which  P  is  a  power  of  nn  irreducible  functioo 
(mod  p  ),  and  not  itself  such  a  function — t>uppo«ition  which  implies  that  the 
diwriminant  of  F  (x)  Is  divisible  by  p.  If,  however,  P  be  itself  an  irradnet- 
Me  function^  the  eoogrueoce  P*  s  0,  mod  pm*  gives  us  one  and  only  one  feta- 
tion of  the  gi?en  congruenee  if  P  be  linear^  or,  if  P  be  not  linear,  it  may  be 
considered  as  representing  as  many  imaginnry  solutions  as  it  has  dimensions* 
In  particular,  if  we  consider  the  case  ia  which  all  the  divisors  Q»  B,*** 
are  linear,  we  obtain  the  theorem : — 

M  Every  congruenee  which  oonaidered  vith  rai|ieet  to  the  modoliw|>  has 
as  many  inMngnums  solutioni  aa  it  has  dimeosiona,  is  also  completely  leso- 
Ittble  for  the  modulus  httring  as  meny  roots  as  it  bv  dimeDslonh  tod  no 
more." 

If  x  =  a,,  mod  be  a  solution  of  the  congruence  F  (^)  i^O,  mod pt  and 
if  that  congruence  have  no  other  root  conciruous  to  a^,  the  correspooding 
solution  ;r  =  mod of  the  congruence  F  (x)  =  0,  mod  may  be  ob- 
telned  bj  the  solution  of  linear  congruences  only — a  proposition  which  is  in- 
etoded  sn  a  preceding  and  more  general  observation.  The  process  Is  as 
foUowit— 'If»  in  the  equation 

F  (a, + Ap)= F(a  J  -f  A/>F  (a,)  +  g  F"  (a  J  + . . 

we  determine  A  by  the  congruence       (aj-f /^(F'(«,)=^0,  mod p,  (which  is 

always  possible  because  the  hypothesis  that  (x— a,)^  is  not  a  divisor  of 
F  (r),  mod  pt  implies  that  F'(a,)  is  not  divisible  by /^*),  and  then  put 
a^^kp,  mod p\  we  have  F(a,)  =  0>  mod /»^  Simihirly,  from  the  expaosioo 

F  (a,+^*)=F  (a,)  +  ^  P         . . , 

a  value  of  k  may  be  deduced  which  satisfies  the  congruence  F (a, +iip^)^0, 
or  T{a.J^O,  mod  p* ;  and  so  on  continually  until  we  arrive  at  a  congruence 
of  the  form  F(am;^0,  mod  j)**    But  when  ¥(x)  is  divisible  (for  the 

moduluH/;)  by  (x— a)'  or  a  higher  power  of  j  —a,  ihc  congruence  F(j)  ^-0, 
mod  jf'^y  is  citfier  irresoluble  or  has  a  pluralitv  of  roots  incongruous  for  tlie 
modulus  p'",  but  all  congruous  to  a  for  the  modulus  p.  Thus  the  congruence 
(x— a)'-!-^/?^*— ^)^0,  mod  is  irresoluble,  unless  a~6,  mod p;  whereas 
if  thai  ooadition  be  aatisfiedt  it  admits  otp  incongruous  solutions,  comprised 
in  the  formula  srsa+^Pt  mod  f^,  ftssO,  1>  2;  S, .  .p— I. 

*  If  F  («)n(jr— di)  f(,x),  modp,  where  f  (tfj  ii  not  divisible  hfp,  ws  h«vsr(«)E 
^  (*)+(x~«,)  f  (*),  nod^,  or  r      «  ♦       mod  j». 
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73.  Binomial  Cjuyraences  having  a  Pou/er  of  a  Prime  for  their  Modulus, — 
If  M  be  any  nuttilier,  and  (-^U  x^preMnt  tbe  uumber  of  terms  iu  a  dystem 
of  reiidues  prime  to  M,  it  iriU  foilow  (from  a  principle  to  wbich  we  bavfi 
already  frequently  referred :  m  arts.  10, 26,  53,  70)  that  every  riesidaeof  that 

sy-'fem  sati.-lies  the  congruence  T^l'■*'^  =  l,  rood  IVI, — proposition  which  is 
w^ll  knuwn  Euieri*  gem*r.iliz.itian  of  Ferinat':}  theorem*.  In  particular, 
wiien  M=/>"*,  we  have  iikkI  p^.    This  congruence  has, 

cuiisequentlyi  preci:»ei}'  vui  niuuy  ruul4  a^  it  Ixaa  linnensiou^ — a  property  which 
U  abo  pqejcaied  by  every  cungrueoce  oFtbe  form  Jt'sl,  mod  p^t  d  demoting 
a  divisor  of  yy"-'  (p— 0-  This  haai  been  establiabed  by  Gaufs  in  tbe  Bra 
section  of  the  Disquisiiiones  ArithnieticaB»  by  a  particular  and  somewhat 
tediotis  method f.  The  simpler  and  more  general  demonstrfitinn  ^vhich  he 
inteijili  il  to  pivt"  ill  ilu-  Hth  section]:,  v  a_s  jwrhaps  in  principli'  idtjiiiieal  with 
the  fuiiuvuiig ;  wc  exciudu  the  ca^ p—^t  tu  which  xudeed  the  theorem  itseif 
i«  inapplioabte 

Letd=^/>»,  h  reproentiDg  a  divisor  of     1»  aad  m  bemg  ^  m— 1 ;  and 
us  form  tbe  indeterminate  congraeace 

as*— 1 »  («— «i)  •  •  •  •  {»— mod 

wbicb  is  always  possible,  because       1  sO,  mod  py  has  Z  incongnioni  foots. 

It  is  readily  seen  that,  if  A  and  B  represent  two  numbers  priine  to  and  if 
A^B,  mod/)**,  A'^r^Bp',  mod />•'+*;  arx!  conversely,  if  A/^^ Bp",  mody>'^t*| 
AsB|  mod/i'^.    By  applying  this  pnuciple  it  may  be  shown  that 

af*»—  1  s        o,^)  (jtf^— a/")  • . . .        a,»»),  nod  p^. 

For  if  we  divide         I  by  ^_-^a^^  tbe  remaittder  Is  I.  Bn^ 

because  o  ♦=  1,  mod  />**-»,  a,*p'*  =  1,  mod     ;  t.  s. divides l 

for  the  modulus;?'".    Similarly  r'p"— 1  is  divisible  (mod/>"*)  by  xi*" — aj^ 

etc.;  and  since  all  these  (li\i-()r>  arr  relatively  prime  for  the  moduIus^itC'-P" — 1 
itf  divisible  (mod  p^)  by  tlieir  product ;  i.  e., 

1  s  (xJ^-a/"*)  (*i»"~a/"») . . .  («P"— a|P»)^  mod  ji*. 

We  have  tbus  effected  tbe  resolution  of  s?^-"!  into  factors  relatively  primOf 
each  of  which  is  congruous  (mod  p)  to  a  power  of  an  irreducible  function  ^ 
since  evidently  (xf^ — a^}s(a;^a)p'*,  mod  p.  To  investigate  tbe  solutions 
ofa;^^— IsO^  mod  p'^^  we  have  therefore  only  to  consider  separately  tbe 
2  congruences  included  in  the  formula  xP*^  ~  aP^,  mod But  each  of 
the»e  congruences  (by  virtue  of  the  principle  already  referred  to)  admits 
preci>ely  solutions,  viz,  the  numbers  (incongruous  mod  which  are 
congi  ii  us  to  a,  mod />*"*■".  The  whole  number  of  solutions  of  a^p" — 1  =0, 
mod  jj  ",  is  therefore  equal  to  the  index  Ip^  of  tbe  congruence.  It  further 
appean  that  tbe  complete  solution  of  the  binomial  eongruenee  a^^i  =0| 
may  be  obtained  by  a  direct  method,  when  tbe  comuk;te  solution  of  tho 
simider  congraence  x*^i  =0,  modp,  has  been  fonnd.  For  we  may  first 

*  Baler,  CommeDt  Aritb.  voL  i  p.  284. 

t  Disquiaitiones  Arithmetiae,  srto.84— 88.  80s  she  Foimsti  BsdsdoDi  sar  la  ThMs 

dea  Noinbres,  cap.  iv.  art.  6. 

X  Disquisitiones  Ajitbmeticte,  art.  81. 

f  If  As  B,  mod bat  not  niodp«^+i»we  have  AsB+i^pf,  whsrt  Jt  is  prims  te 
Henos  Ai^^(fi^kp'')'^^BP*^k3'^^  p^^^-^lLf^*^,  K  deoodag  a  eoefldsal  diriiible 

by^;  or  Al^sBJ^pmody^,bntBDtmod|»'^'"*'\bscBiiMi»i>""^isprinBetoi».  Tbif 
rssnlt  implies  tbs  priadpls  emmeiated  ia  the  text. 
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(by  the  method  given  m  the  last  article)  deduce  the  complete  foluitoo  of 
IsO,  mod  />"»-",  from  that  of  .t"*— 1  =  0,  mod  p;  and  then  the  roots  of 
1^0)  mod      ean  be  written  down  at  once. 

74*  JhrimUhe  HooU  of  the  Powers  ef  a  Prime^ — All  the  elementary  pro- 
perties of  the  residues  of  powertt  considered  with  regard  to  a  modulus  whioh 
is  a  power  of  a  prime  number,  may  be  deduced  from  the  theorem  just  proved. 
Id  particular,  the  demonstration  of  the  existence  and  number  of  primitive 
roots  (art  12)  is  applicable  here  also;  so  that  we  have  the  theorem: — 

There  are  ji^-s O'^^)  ^  (P^^)  i^Mues  prime  to  p^t  tbe  stteoesttve 
powers  of  anj  one  of  which  represent  all  residaes  prime  to  jp^J*  These 
residues  are  of  course  the  primitive  roots  of|»"*. 

If  y  be  a  primitive  root  of  p,  of  the  p  numbers  included  in  the  formula 
y^/y;  (mod  p^),  p  —  l  precisely  will  be  primitive  roots  of  /A  For  y-¥kp 
is  a  primitive  root  of/)'  unless  {y\-hp)p-^  =  1»  mod  p' ;  and  the  congruence 
ssP'i  ^  1,  mod  p^t  has  always  one*  and  only  one,  root  congruonsto  y  for  the 
modulus  p.  But  eveiy  primitire  root  of  is  a  primitive  root  of  and  of 
every  higher  power  of  p^  as  may  bo  shown  by  an  application  of  the  prinei* 
pie  proved  m  v^  note  to  the  last  article,  or,  a^iuin,  by  observin<i:  tliat  every 
primitive  root  oryj'"  +  '  is  necessarily  congruous,  for  the  modulus p'*\  to  some 
primitive  luut  uf  and  that  there  arc  p  times  us  many  primitive  roots  of 
pm-k^\  aa  of  p"*.  (See  Jacobi's  Canon  Aritbroetien8»  Introductioii,  p,  xxxiii ; 
also  a  problem  proposed  by  Abel  in  Crelle's  Joomalt  vol*  iii.  p.  1S»  with 
Jacobi's  answer,  ibid.  p.  211.) 

75.  Case  when  the  Modvhift  is  a  Power  of  2. — The  powers  of  the  even 
prime  2  are  excepted  froiii  the  denjonstrations  of  the  two  la«;t  articles — in 
fact,  Mm  >.  3,  2'"  has  no  priniitive  roots,  (iau^s,  however,  Itas  shown  (Discf. 
Arith.  arts.  90,  91)  that  the  successive  powers  of  any  number  of  the  form 
8ii  +  S  represent,  for  the  modulus  S<",  all  numbers  of  either  of  the  forms  8ii + 3 
or  8fi+l ;  similarly  all  numbers  of  the  forma  8ii+5  and  8m 4- 1  are  repre- 
sented by  successive  powers  of  any  number  of  the  form  8n+5.  If,  there- 
fore, we  denote  by  y  any  number  of  either  of  the  two  forms  8;/ +  3  or  8«  +  5, 
we  may  represent  all  uneven  numbers  less  than  2"'  by  the  formula  (  —  1  )"'y^, 
in  which  ci  is  to  receive  ihc  values  0  and  1,  and  /3  the  values  1, ■ . . . 

A  double  system  of  indices  may  thus  be  used  to  replace  the  simple  system 
supplied  by  a  primitive  root  when  such  roots  exist. 

Tables  of  indices  for  the  powers  of  %  and  of  uneven  primes  inferior  to 
1000,  have  been  appended  by  Jacobi  to  his  Canon  Aritlimelicus. 

76.  Cowpo.sifc  3Ioduh's. — No  jreneral  theory  has  been  pivcn  of"  the  rej»rc- 
sentatiou  oi  rational  and  integral  functions  of  an  indeterminate  quantity  as 
products  of  modular  functions  with  regard  to  a  composite  modulus  divisible 
by  more  than  one  prime.  And  it  is  possible  that  no  advantage  would  be 
gained  by  considering  the  theoiy  of  congruences  aith  composite  modules 
from  this  general  point  of  view.  A  few  isolated  theorems  relating  to  par- 
ticnlar  cases  have,  however,  been  given  by  Cauchy  (Comptes  ilendus, 
vol.  XXV.  p.  S6,  1847).    or  these  the  following  may  serve  as  a  specimen : — 

'*If  the  congruence  F  (.r)^0,  mod  Mt  admit  as  many  roots  as  It  hss 
dimension!!,  and  if,  besides,  the  differences  of  these  roots  be  all  relatively 
prime  to  M»  we  have  the  indeterminate  congruence 

F  (.r)  =A        r,)  (a*— rj)  (-r— r,)  . . .  (.r— r^),  mod  M, 

k  denoting  the  coefRcitnt  of  flif  lughest  power  of  x  in  F  f  t-)." 

But  il",  instead  of  conMtJi i  in;,'  the  nuodular  decompositiuii  ui  tlie  function 
F(«^y  we  pontine  ourselves  to  the  determinalion  oi  the  real  bolutions  of  t^ie 
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congruence  F{x)^0,  mod  M,  it  is  always  sutticieut  to  consider  the  coa- 
gruences 

F(x)—0,  mod  A,  F(a')=EO,  mod  B,  ¥(x)^0,  mod  C,  etc.,  ....  (A) 

where  A  x  B  x  C . .  s=M»  and  A,  B,  C, . .  denote  powers  of  different  primes. 
For  if  .T  =  a,  mod  A,  x  ^  mod  X  ^zi  c,  mod  C,  denote  any  solutions  of 
the  first,  second,  third  ...  of  tliose  congruences  respectively,  it  is  evident  that, 
if  X  be  u  number  satisfying  the  congruences  X  =  a,  mod  A,  X~bt  mod  13, 
Xssc,  mod  C  (and  such  a  number  can  alwaj's  be  assigned),  we  shall  have 
F(X)  =0  for  each  of  the  modules  A»  B»  C»  separately,  and  therefore  for 
the  modulus  M;  and  further,  if  the  congruences  (A)  admit  respectively 
a,  /I,  y,  , . ,  incongruous  solutions,  t!ic  eongruence  F(r)^0,  mod  M,  will 
admit  axpx  y  . .  •  in  all;  for  we  can  combine  any  soiuiiou  of  F(x)isO, 
mod  A,  with  any  solution  of  F(.r)=0,  mod  B,  and  so  on*. 

77*  Bmomku  QmffrueneeawUh  CkmposUe  Modules^ — The  investigation  of 
the  real  solutions  of  binomial  congruences  depends  (in  the  manner  just  stated) 
on  the  investigation  of  the  real  solutions  of  similar  congruences  the  modules 
of  which  are  the  powers  of  primes.  With  regard  to  the  relations  by  which 
these  real  solutions  arc  connected  with  one  another,  little  of  importance  has 
been  added  to  the  few  observations  on  this  subject  in  the  Disquisitionea 
Arithmetien  (art.  98).  If  the  modulus  M^/^"  ...,/>,  9,  r, .  repr^ 
senting  different  primes,  the  oongruenoe  «V'(M}»i,  mod  M,  possesses  no 
primitive  rootj;  for  if  n  be  the  least  common  multiple  of  (/>—!)* 

gb-\  r^-i  ^r— 1),  n  will  be  less  than  and  a  divisor  of  \l  (M). 

But  evidently,  if  x  be  any  residue  prime  to  M,  the  congrutMiue  .* "  —  1  —  0 
will  be  satisfied  separately  for  the  modules  r^, . .,  and  therefore  for  the 

modulus  M ;  1.  e.,  no  residue  exists,  the  first  \^(M)  powers  of  which  are  ineon* 
gruouit  mod  M«  If,  however,  M—^p"  this  conclusion  does  not  hold,  since 
Sie  least  common  multiple  of  »^  (2)  and  4^  (p^)  is  (2/>*»)  itself;  and  we 
find  accordingly  that  every  uneven  primitive  root  of p"*  is  a  primitive  root  of 
2p"».  When,  as  is  sometimes  the  case,  it  is  convenient  to  t mploy  indiceii  to 
designate  the  residues  prime  to  a  given  compo»ite  modulus,  we  must  employ 
(as  ui  die  case  of  a  power  of  2)  a  system  of  multiple  indices.  To  take  the 
most  general  case,  let  M^9fi  p**  let  u  be  any  number  of  either  of  the 

forms  8n  +  3  or  8«  +  5,  and  P,  Q,  R,  .  .  .  primitive  roots  of  p'*,  9*,  r^, . . .  re- 
spectively. Then,  if  n  be  any  given  number  prime  to  M,  it  will  always  be 
possible  to  find  a  set  of  integral  numbers  e,u  ^•'lu  Aiw  Aw  yn  •  •  •  satisfying  the 
conditions 

—     mod  2*;  0<  e„  <  2,  0  <  w«  *c  2*~', 
P*"  =  n,  mod  p";  0  <  a»  < (/>— 1), 
Q^»ii,mod^;  0</?»<:jf 

Ry»5ii«  mod  f*;  0  <  A«<:  r«-»  (r— 1); 

•      •      •      «  •      ■  • 

and  these  numbers  form  a  system  of  indices  by  whicli  the  rmidoe  of  it  for 
each  of  the  modules  2^,  jv*,     r', . . .  (and  consequently  for  the  modulus  M) 

*  **  Infra  [/.  e.  in  the  8th  scctioii]  congnientiu  qosseoinque  secimdiiiii  nodvliim  ephiribat 

primis  compositum,  ad  congnientias  quarum  moduhisest  primus  znt  pnmi  pntestasreducere 
fusius  docebtrous  "  (Disq.  Aritb.  &rt.  92).  It  is  difficult  to  see  why  (jau&»  should  have  em- 
ployed the  word  "  fusius  "  if  his  inrcstigation  extended  no  further  than  the  elementary 
ohsrnrTioTis  referred  to  in  the  trxt.  Nevertheless  it  is  remarkable  thnt  Caii«f;  in  t!,c  3rd 
section  of  the  DIsq.  Aritb.  sometimes  speaks  (rf  demonstrations  as  oUcure,  which  arc  of 
extreme  simiilidty  when  compared  with  one  in  the  4th  sod  sevfnil  in  the  ^Ch  scfUon  Utt  in 
|isriicttlsr  srts.  $3, 55, 66). 


Digitized  by  Google 


170 


&BPOaT— 1860. 


is  coiiip  etel}'  dHtiTinituil.  (8e€>  Dinchlt^rs  iiieinuir  au  llie  AritliuieUcal  Pro- 
gie>i»iun,  6ect  7,  in  the  Berlin  Memoin  Ibr  J8.S7.) 

78.  Primiiite  Roots  of  the  Powers  of  CompUx  Primes. — Dirichlet  h«s 
shown*  that,  in  the  theory  of  complex  nuinl)ers  o(  the  I'onu  a-{-6i.  the  prjuer* 
oi'  primes  of  the  seromi  >pecie>  (•>•'»•  art.  *i,3)  have  piimiiive  routs;  in  fart,  if 
a-\-hi  be  such  a  pritiie,  and  N  -f-^/ a' -f- every  pniiiitivc  m  it  of 
p*^  is  a  primitive  root  of  {a-{  dt)"K  Ou  the  uiher  hand,  if  y  be  a  real  prune 
of  the  form  4n+3,  9"*  has  no  primitive  ioot!»  in  the  complex  theory.  For  ia 
general,  if  M  be  any  complex  mudutu*,  and  M=sa"  . .  ^  a*  6>  .  •  being 
different  csomplex  primea»  and  if  A=N(a),  B=N(6),  CsN(c),  etc^  t|ie 
uamber  of  term*  in  «  system  of  residues  prime  to  M,  ii  A*~*  (A— 1)  B^"^ 
(9—1}  CY~*  (C— 1)  . . . .  And  if  we  denote  this  number  by  ^  (M),  every 
residue  prime  to  M  will  satisfy  the  congruence 

a;^(M)=i,  mod  M, 
which  here  corresponds  to  Euler**  exten^on  of  Fennat's  theorem.  If  M  =  g'"  1 
this  Gongrttence  becomes  «0      (9  -O  —  i,  modj*";  but  it  is  easily  shown 

that  every  residue  prime  to  satisfies  the  contrruenco  .v"*  '^'''-'^^l, 
mod  ^7'" ;  i.  e.,  q"*  has  no  primitive  rootji,  because  the  exponcist  r/'"-^  (^^ — 1) 
is  a  divisor  of,  and  less  tliaii,  — J).    Nevertheless  two  numbers  y 

and  y',  can  always  be  a^^sigued,  of  which  one  appertains  to  the  exponent 
(^— I)  and  the  other  to  the  exponent  ^^Sand  which  are  such  that  no 
power  of  either  of  them  can  beoome  eongruoua  to  a  power  of  the  other, 
mod  9",  without  becoming  congruous  to  unity;  from  wliicli  it  will  appear 
that  every  residue  prime  toy"*  may  be  represented  by  the  formula  y'v,  if  we 
give  to  X  all  values  from  0  to  (g' — I)  J'""*  — 1  ioclusive,  and  toy  all  values 
from  0  to  y*""*  —  1  inclusive. 

The  oorresponding  investigations  for  other  complex  numben  beiidei  those 
of  the  form  a-\-hi  have  not  been  given. 

We  here  conclude  our  account  of  the  Theory  of  Congruences.  The 
further  continuation  of  this  Report  will  be  occupied  with  the  Theoriea  of 
Quadratic  and  other  Homogeneous  Forms. 


Addiiunu  to  Part  I. 

Art  16.  Legendre's  investigation  of  the  law  of  reciprocity  (as  presented  in 
the  '  Th^orie  des  Nombres,*  vol.  i.  p.  290»  or  in  the  *  Essai/  ed.  p.  198)  ia 
invalid  only  because  it  a>Miitto<,  without  a  satisfactory  proof,  that  if  a  be 
a  given  prime  of  the  form  4j»+lt  ^  prime  b  of  the  form  4nH-3  can  always 

be  assigned,  satisfying  the  equation  (^'^    1  •  ^  Kummer  (in  the  Memoirs 

of  the  Academy  of  Berlin  for  18.59,  pp.  19,  20)  says  that  this  postulate  is 
easily  deductble  from  the  theorem  demonstrated  hf  Dirichlet,  that  every 
arithmetical  progression,  the  terms  of  which  have  no  common  divisor,  con* 
tains  prime  numbers.  It  would  follow  from  this,  that  the  demonstration  of 
Legend  re  (which  depends  on  a  very  elegant  criterion  for  the  resolubllity  or 
irresolubility  of  equations  of  the  form  ax^-^-bj/^-^cs^—O)  must  be  regarded 
as  rigorously  exact  (see,  however,  the  "  Additamenta"  to  arts.  J 51,  296,  297 
of  the  Disq*  Arith.).  In  the  introduction  to  the  memoir  to  which  we  have 
just  referred,  the  reader  will  find  some  valuable  obeervations  by  M.  Kummer 
on  the  principal  investigations  relating  to  laws  of  reciprocity. 

*  See  sect.  2  of  the  memoir,  UotenuchuDgen  iiber  die  Theohe  der  comple&ea  Zohlea,  in 
the  Bsriia  Msnsohs  fer  1841. 
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Art,  'JO.  Dirichlet's  dt'inonstration  of  the  forniule  (A)  and  (A')  first 
appeared  in  Crelle's  JuurnaU  vol.  xvii.  p.  31.  Some  observntiona  iu  tiiU 
paper  on  a  suppoaed  proof  of  the  Mine  fonnulo  by  M.  Libri  (CreHe»  vol*  is. 
p.  187)  were  iuterted  by  M.  Liouville  in  hU  Journal,  vol.  iii.  p.  S,  and  g>ive 
rise  to  a  oontrover^y  (in  the  Compteit  Rendus,  vol.  x.)  between  MM.  Liouvide 
and  Libri.  The  concluding  parap:raphs  of  Dirichlet's  paper  contain  the  appli- 
cation of  t!it  i  >t  iQulffi  (A)  and  (A')  to  the  law  of  reciprocity  (Gaujw'ii  fourth 
derooostmtiun ). 

Art.  82.  i'rooi  a  general  theorem  of  M.  Kummer's  (see  arts.  ^iSt  44  uf  this 

Report),  itappean  that  tbe  congrueoee  r*s(  — 1)  *  \,  mod  ^,  is  or  ii  not 

resoltibl^  according  as  y  «  ^+1,  or  =—1,  mod  X, — a  result  which  implies 
the  theorem  of  quadratic  reciprocity.  This  very  simple  demonstration  (which 

is,  however,  only  a  transforn^ation  of  Gau-^s's  sixth)  appf-nrs  first  to  have 
occurred  to  M.  Liouville  (see  a  note  by  M.Lebesgue  iu  the  Comptes  KeoduSy 
vol.  li.  pp.  l^J,  Ivi). 

Art.  24-.  A  note  of  Dirichtets,  in  Crelle,  vol.  Ivii.  p.  187>  contains  an  ele- 
mentary demonstratioo  of  Gauss's  criterion  for  the  biquadratic  character  of 
2f  From  the  equation  p we  have  (o^h)*  s2tf4,  mod  »,  and  hence 
(a+6)4^i'-»s2*<^-»a*(J»-»>6*(i'-')^(2/)»<i»-«  or,  which  it  the 

thing, 


But  ^^^=(^)=l,  because j9s&",ii«Hl«;  and(^)  =  ^^^,  or,  ob* 
erring  that  2|)=(a+6)»+(a-i)% 


since/' -f- 1  ^0,  mod  p.  Substituting  these  values  in  the  equation  (A),  we 
find  ^^i/*"*)  =/i*^,  mod />,  which  is  in  fact  Gauss's  criterion. 

Art.  25.  In  the  second  definition  of  a  primary  number,  for  b  is  uneven," 
read  "  b  is  even."  Although  this  definition  has  been  adopted  by  Dirichlet  in 
his  memoir  iu  Crelle's  Journal,  vol.  xxiv.  ^see  p.  301),  yet,  in  the  men)')ir 
**  Untersucbungen  uber  die  complexen  Zahlen**  (see  the  Berlin  Memoirs  lor 
1841),  sect  1,  he  has  preferred  to  follow  Gauss. 

Art.  S6.  In  the  algorithm  given  in  the  text,  the  remainders     p, . . .  are  all 

uneven ;  and  the  computation  of  the  value  of  the  symbol         >^  ^^"^  rendered 

iodepeodrat  of  the  formula  (iii)  of  art.  28.    The  algorithm  given  by  Eisen* 

sfein  is,  however,  preferable,  althoup;h  the  rule  to  which  it  lerads  cannot  be 
expressed  with  the  same  coDciseu^,  because  the  continued  fraction  equi- 

Talent  to  ^  terminates  more  rapidly  when  the  remainders  are  the  least 

possible,  and  not  neeessarily  uneven. 

Aru  37.  In  the  definition  of  a  primary  number,  for  "cts+I,"  read 
*'a5— But,  for  the  purposes  of  the  theory  of  oubio  residues,  it  is 
simpler  to  consider  the  two  numbers  ±(a+2jp)  as  both  alike  primary  (see 
arts.  62  and  67). 

Art.      Jaeobi's  two  thaarune  aaonoC  propeilj  be  said  to  iavolva  tbo 
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cubic  law  of  reciprocitj.  If  it  wiil  follow  from  tboie  Uieorcnis  tiiat 

=  !•   But  if        ^P*     P^*  determine  M'beUicr  =^P» 

or  p*.   It  is  remarkable  that  these  tbeoreins,  "  formft  genuina  qua  invenla 

sunt/*  may  lir  ohfnuKMl  by  applying  the  criteria  for  the  resolubility  or  irre^o- 
lubility  of  cubic  congnu  Tiers  (arf,G7)  to  thn  conpruonco  r^  — 3.\r — \M~0, 
mod  q  (art.  43)j  M  bicb,  by  viruie.  of  M.  Kuniuier  a  theorem  (^arU  44 )|  is  re- 
soluble or  irresolable  aeeoniiDg  aa  y  it  or  is  nol «  cubUi  i«iiiluo  of  X» 


On  the  Performance  of  Siemn-Veuels,  the  Fktnctkns  of  the  Screw,  and 
the  Relations  qfUa  Diameter  and  Pitch  to  the  Furm  the  VmeL 
Mff  Vice-Adaural  Mooasou, 

(A  eommidiieatioB  ordered  to  be  pr&ited  amoDf  the  Reporti.) 

Im  this  the  fourth  paper  which  I  now  lay  before  tlie  British  Association,  it 
nay  be  desirable  to  recapitulate  the  points  I  have  brouslit  Into  issnet  and  for 
the  determination  of  which,  cfola,  only  to  be  obtained  by  experimeota,  are 
still  wanting)  viz. — 

1.  There  is  no  agreed  method  by  which  the  resistance  of  a  ship  may  be 
calculated  under  given  conditions  of  wind  and  sea. 

2.  The  known  methods  are  empirical,  approximate  only,  and  imply  smooth 
water  and  no  wind. 

S.  The  relations  in  which  power  and  speed  stand  to  form  and  to  siie  an 
comparatively  unknown. 

4-.  The  relations  in  which  the  direct  and  resultant  thrust  8tand  to  each 
other  in  any  given  screw,  and  how  adecied  by  the  resUlance  of  the  ship,  are 
undetermined. 

In  order  to  resolve  these  questions,  specific  experiments  are  needed,  and 
none  have  yet  been  attempted  in  such  manner  as  to  lead  to  any  saliafactoffy 

result. 

The  Steam  Shij)  Performance  Committee  of  the  British  Association  have 
pre^^ed  upon  successive  lirst  Lords  uf  the  Admiralty,  the  great  value  to  the 
public  service  which  must  ensue  if  the  following  measures  were  taken,  viz.— • 

I.  To  determine,  by  specific  experiment,  the  resbtance,  under  given  con* 
ditions,  of  certain  vessels,  as  types;  and,  at  the  same  time,  to  measure  the 
thntst  of  the  screw. 

'2.  To  record  the  trials  of  the  Queen's  ships,  50  that  tlic  perforinance  in 
smooth  water  may  be  compared  with  the  perfonnaoce  at  sea,  botii  being  re« 
corded  in  a  tabular  form,  comprising  particular?,  to  indicate  the  characteris- 
tics of  the  vessel,  of  the  engine,  of  the  screw,  and  of  the  boiler. 

Hitherto  nothing  has  come  of  these  representations. 

In  the  paper  read  la^t  ycnr  at  Aberd<Tn,  I  sliowed,  in  the  case  of  Lord 
Dufferin's  yacht  'Erminia,'  how  the  absence  of  admitted  laws  of  resistance 
interfered  with  the  adjustment  of  her  screw,  and  how,  therefore,  as  a  matter 
of  precaution,  a  screw  was  provided  capable  of  a  thrust  beyond  what  the 
vessel  required. 

I  also  showed,  in  the  case  of  the  Duke  of  Sutherland's  yacht '  Undine,*  how 

her  scro\v,  from  being  too  near  the  surface  of  the  water,  lo^t  a  large  portion 
of  the  (hrust  duo  to  its  fsize  and  jjroportiot)-*.  In  other  words,  a  screw  capa- 
ble ot  giving  out  a  resultant  thrust  it)  sea  \ruter  pf  ^02^  lbs.(  at  a  fj^eed  9f 
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▼eMel  of  9*26  knots  an  hour,  did  actually  give  out  only  S60.5  lbs.   That  is  to 

fsay,  the  effect  produced  wa«?  tho  ^VLvne  if  that  screw  had  worked  ill  a 
fluid  whose  weight  wjs  about  48  lbs.  per  cubic  foot  instead  of  64  lbs. 

I  am  now  about  to  exliibit  some  other  examples  from  among  Her  Miyesty's 
thins  of  wan 

The  qncstiont  now  before  us  are — 

1.  The  resistanoe  of  tbe  hull  below  the  water-line  in  passing  through  the 
water,  and  nf  the  upper  work**,  ni!\<»t«,  rijTj:rin^,  &c.»  passing  through  the  air, 
the  weather  being  calm,  and  the  water  smooth. 

2.  The  relation  in  which  the  t/irust  of  the  screw  stands  to  tiiis  resistauce. 

[The  Admiial  here  gave  oertalo  results  from  the  *  Marlborough/  the  *  Re- 
nown/ and  the  *  Diadem/  and  proposed  that  a  specific  issue  should  be  tried 
by  means  of  the  *  Diadem.'] 

What  would  I  nut  give,  he  ob-^nrved,  for  some  well-condnctpd  experiments 
to  determine  this  beautiful  problem  oi  the  laws  whicii  govern  the  action  of 
the  screw  in  sea-water  I  It  is  a  probleui  not  only  interesting  to  science,  but 
fraught  with  valuable  results  In  the  economical  and  efficient  application  of 
the  screw  propeller. 

After  commenting  on  the  performances  of  the  U.  S.  corvette  *  Niagara/  the 
Admiral  observed,  I  have  no  nipans  of  forming  a  very  definite  opinion  as  to 
how  she  will  Stat/  under  low  sail  in  a  sea-way,  how  she  will  wear,  how  scud 
ill  a  following  sea,  or  how  stand  up  under  hkr  sails,  or  whether  her  stalical 
stability  be  too  much  or  too  tittle,  or  how  the  fore  and  after  bodies  are 
balanced.  These  are  points  to  be  determined,  not  by  the  mere  opinion  of 
seamen — for  a  sailor  will  vaunt  the  qualities  of  his  ship  even  as  a  Wer  the 
charms  of  his  mistress — but  by  careful  records  of  performances  in  smooth 
wafer  and  at  sea,  and  a  comparison  of  sucli  performances  with  calculated 
rcsulUi  from  drawings  befare/uind.  Let  a  return  of  such  things  be  annually 
hud  before  the  House  of  Commons^we  shsll  then  know  whether  we  are  get* 
ting  money's  worth Ibr  our  money;  and  also  we  should  receive  all  the  benefits 
of  public  criticism  towards  improvement.  We  should  not  then  allow  defects 
to  be  stereotyped,  till  cfironic  blemislie^  are  turned  into  beauties,  or,  if  not 
so,  then  defended  as  things  that  cannot  be  remedied. 

I  have  now  completed  the  task  which  four  years  ago  I  imposed  on  myself. 
Beginning  with  simple  elementary  principles,  and  ending  with  minute  prac> 
tical  detaiif,  I  have,  as  I  conceive,  shown  the  process  by  which  tiie  improve- 
ment of  -^team-ships  must  be  carried  on. 

More  than  one  hundred  years  ago  scientific  men,  aVJc  mathematicians, 
showed  the  physical  laws  on  which  naval  architecture  niu?t  rest.  A  succes- 
sion of  able  men  have  shown  how  those  laws  aii'ect  various  forms  of  floating 
bodies.  £x]>eriments  have  been  made  with  models  to  determine  the  value 
of  the  resistance  practically.  With  the  exception  of  some  experiments  of 
Mr.  S'fott  Russell,  I  am  not  aware  thnt  any  have  been  made  with  vessels  ap- 
proaclimg  the  size  of  ships  to  determine  the  relations  of  resistauce  to  power, 
whether  wind  or  steam. 

Ships  have  been  improved,  and  modifications  of  form  have  been  arrived  at 
by  a  long  painstaking  tentative  process.  The  rules  so  reached  for  sailing  ships 
have  been  superseded  by  steam,  and  we  are  still  following  the  same  tedious 
process,  in  order  to  establish  new  rule-;  for  the  application  of  steam  power. 

I  think  the  history  of  naval  arcliitecture  shows  that  it  is  not  an  abstract 
science,  and  that  its  progress  must  depend  on  the  close  observation  and  cor- 
rect record  of  facts;  on  Sie  careful  eolUting,  and  scientific  comparing  of  such 
faets,  with  a  view  to  the  induction  of  general  laws.  Now,  is  there  anywhere 
such  observing,  reeording,  collating,  and  comparing?  and  still  more,  is  there 
such  inducting  process  ? 
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r  can  find  no  ittcb  tbiog  anywhere  ia  tach  ebape  that  the  poblie  can  jndgt 

it  !>v  its  iruits. 

arc  now  in  I'uU  career  of  a  compctitiun  of  expenditure,  and  England 
has  no  reason  to  flinch  from  such  an  encounter,  unlesii  her  people  shoold  tire 
of  paying  a  premium  of  insurance  upon  a  contingent  event  that  never  niaj 
happen ;  and  if  it  should  happen  without  our  being  insuredt  might  not  cost 

as  much  as  the  aggrej^ate  premiums.  Tire  they  will,  sooner  or  later,  but 
they  are  mure  likely  to  contitme  to  pay  in  faith  and  Lope,  if  they  had  some 
confidence  that  tiieir  money     not  being  spent  unnecessarily. 

There  is  now  building  at  Blackwali  the  *  Warrior/  a  ship  to  be  cased  with 
4|-inch  plates  of  iron,  wboee  length  at  water-tine  ii  S80  feet,  breadth  68  feet, 
intended  draught  of  water  (mean)  25^  feet»  area  of  section  1190  square  fee^ 
and  displacement  about  8992  tonit<  and  she  is  to  have  engines  of  IftSO  nomi* 
nal  horse-power. 

Is  there  any  experience  respecting  the  qualities  and  performance  «>f  such 
a  ship?  Anything  to  guide  us  in  reasoning  from  tlie  known  to  the  unknown? 
Do  the  performances  of  the  'Diadem/  'Metaey/  and  *Oriando/  inspire 
confidence ?   Where  are  the  preliminary  experiments? 

Before  any  contract  was  entered  into  for  the  construction  of  the  Britannia 
Bridge,  a  conr<e  of  experiments  wa-i  ordered  hy  tho  Directors,  which  cost  not 
far  short  of  £7(K)0,  and  it  was  well  expciultd.  It  saved  money,  and  perhaps 
prevented  failure.  1  his  ship  must  cost  not  le.«s  than  £400«(X>0,  and  may  cost 
a  good  deat  more  when  ready  for  sea.  But  there  is  another  of  simitar,  and  twa 
others  building,  of  smaller  site.  What  security  is  there  for  their  success? 

The  conditions  which  such  a  ship  as  the  *  Warrior'  must  fulfil  in  order  to 
justify  her  oost  nre  deserving  of  some  examination.  The  formidable  nature 
of  lier  armament,  as  well  as  lier  supposed  impregnability  to  shot,  will  natu- 
rally lead  other  vessels  to  avoid  an  encounter.  She  must  therefore  be  ot 
ffr^er  speed  than  other  shifNi  of  war*  To  secure  this,  it  is  essential  that 
her  draught  of  water  should  be  the  smallest  that  is  compatible  both  with 
stability  and  steadiness  of  motion,  and  that  she  should  not  be  dnper  tkam  |ic 
dfsirjncr  i?itended.  To  ensure  steadiness  it  is  necessary,  aniong  otlier  things, 
that  111  rollinjx,  the  solids,  emerged  and  immersed,  shouhl  tiiid  their  in 
the  longitudinal  axis  of  the  ship.  To  admit  of  accurate  aim  with  the  guns, 
her  movement  in  rolling  should  be  slow  and  not  deep.  Every  seaman  knows 
how  few  ships  nnite  these  requisites. 

It  is  not  quite  safe  to  speculate  on  the  '  Warrior's '  speed;  nevertheless  I 
will  venture  on  an  estimate,  such  as  I  have  stated  in  the  case  of  the  *  Great 
Eastern,'  \vlio«e  smooth-water  rpeed  I  will  now  assume  to  be  15;^  knots,  as 
before  cstiiiiiitLd,  with  7732  horse-power,  when  her  draught  of  water  is  23 
feet,  her  aieu  of  section,  say  1650  square  fee^  and  her  displacement  about 
18»588  tons.  The  speed  of'^  the  *  Warrior'  in  smoothr  water  ought  not  to  be 
less  than  16  knots,  in  order  that  she  may  force  to  action  unwilling  enemits 
whose  speed  may  be  IS  to  14  knots. 

The  question  I  propose  U  the  power  to  secure  a  smooth-water  speed  of 
16  knots. 

Reducing  the  '  Great  Eastern'  to  the  size  of  the  '  Warrior,'  and  applying 
the  corrections  for  the  difference  of  speed  of  ^  koot9  and  for  their  respective 
coefficients  of  specific  resistance  *0564  and  *07^7»  the  horse-power  for  16 

knoU  is  7543. 

Raising  the  *  Xiapara*  to  the  size  of  the  *  Warrior,'  and  applying  the  cor- 
rections for  the  difference  of  speed  between  )0'9  and  16  knots,  and  for  their 
respective  coeificients  of  speciiic  resistance  '0797  and  07277,  the  horse- ])owcr 
to  give  the  *  Warrior*  a  smooth-water  speed  of  16  knots  is  7867,  being  aa 
excess  over  the  estimate  from  the  ■  Great  Eastern  *  of  384  horse-power. 
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If  the  power  required  for  the  *  Warrior*  l)e  calculated  by  adaptation  from 
the  *  Mersey  '  and  the  '  Diadem/  it  would  be  8380  horse-puwer  and  8287  re- 
spectively ;  from  which  thiB  inference  flows : — ^tbat  unlea*  tlie  mistnlces  niadii 
in  the  fore  and  after  sections  of  the '  Mersey*  and  *Diadera*  are  rectified  in  the 
*  Warrior,*  hhe  will  require  above  8000  horse  power  for  a  speed  of  \G  knoti, 
not«  ilhstandinp  her  greater  size  niul  iricrf-ased  ratio  of  length  to  brcadfh. 

Before  investing  more  than  a  niiilion  and  a  half  of  money  in  an  experiment, 
coiuiucrcial  men  would  have  probably  employed  a  few  thousand  pounds  in 
some  sort  of  test  as  to  the  conditions  of  success.  Perhaps  sucti  te»t  may  have 
been  resorted  to  and  kept  secret  for  reasons  of  public  policy.  Perhaps  it  is 
intended  that  the  '  Warrior's'  speed  should  not  be  {zroater  than  that  which  is 
due  to  iive  times  her  nominal  horse  power,  which  could  not  exceed  15^  knots 
with  6'J50  horse-power,  under  the  most  favourable  conditions,  and  may  be 
much  less. 

The  British  Association,  by  becoming  the  medium  of  collecting  facta  and 
presenting  them  to  the  public,  has  done  good  service ;  but  that  service  ought 
not  to  rest  there.  Collectively,  the  As^^ociation  may  be  able  to  do  little  more. 
It  can  only  act  by  affordinp^  public  opinion  a  means  of  expression.  But  indi- 
vidual members  may  do  much,    i  awards  such  opinion  I  am  doing  my  part. 

I  ask,  in  the  cause  of  science,  what  is  the  system  under  which  the  Queen*a 
ships  are  designed  and  their  steam  power  apportioned ;  the  organisation  by 
which  their  construction  and  fitting  for  sea  are  Carried  on ;  the  soperrisloii 
cverci-^Hd  over  their  proceedings  at  Bca,  in  the  examination  of  returns  of  per- 
formance and  of  expenditure  ? 

During  part  of  1858  and  1859,  two  committees  appointed  by  the  Admi- 
ralty collected  evidence  and  made  reports  on  the  Dock  Yards  and  on  steam 
machinery.  I  have  read  both  reports  with  some  attention.  They  are  not 
conclusive,  but  they  are  entitled  to  respect.  I  have  also  read  the  liepliea  and 
objections  of  the  Ciovcrnmcnt  nfticer«.  There  is  a  clear  i«<!ue  between  t}iem 
on  some  of  the  mo^^t  essential  principles  of  elective  ecuuomical  maoagemeott 
and  on  the  applicaiiuu  of  science. 

'  A  Royal  Commission  has  been  appointed  to  inquire  into  the  system  of 
control  and  management  in  the  Dock  Yards.   This  is  so  far  good»  but  it 

does  not  go  far  enough.  It  does  not  comprise  the  steam  machinery  reported 
on  by  Admiral  Ramsny's  Committee,  and  it  cannot  enter  upon  the  questions 
I  have  just  enumerated.  Yet  t!;e  efficiency  of  the  fleet  depends  quite  as 
much  upon  the  adaptation  of  the  machinery  to  the  ship,  and  of  the  ship  to 
the  use  she  is  to  be  put  to,  as  it  does  upon  the  manner  in  which  she  Is  built. 
The  Commission  ought  to  be  enlarged  both  in  otfjccts  and  in  number  of 
members.  It  consists  of  five  members  only. 


Rtport  on  the  Effects  of  lona-continued  Heat,  iUuitraiive  of  Geological 
Phenomena*  By  the  Kev.  W.  Vernon  Harcourt>  FM,8,,  F»G»8» 

The  chief  occupation  of  thu^e  who  during  the  present  century  have 
employed  themselves  in  investigating  the  history  of  tiie  earth,  has  been  to 
develope  the  succession  of  its  strata.  In  following  this  pursuit,  they  have 
found  their  best  guide  in  the  study  of  its  organic  antiquiti<^  and  have  not 
lu  ( It  i.  fi,  for  the  most  part,  to  very  precise  views  of  the  physical  aod  chemi- 
cal changes  wliich  it  has  undergone. 

Yet  there  are  que^^tions  in  Geolc^y  to  which  no  answer  can  be  givMi  with- 
out an  accurate  examinafton  into  IhestBb  Jb  regard,  for  eS[«lipte>  to  ttn 
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chronology  of  the  earth,  the  ob<?rrvatioii  oror^^antc  remain^  nlone  can  ncvf^r 
supply  reliable  data  for  reasoning.  If  we  shoulil  attempt  to  draw  inferences 
from  biological  analogies,  aod  measure  the  duration  of  beds  by  Uie  growth  of 
imbedded  ikdeCoiit,  we  tliotild  be  atopped  by  the  probAbilily  thil  the  firrt 
speeiee  of  every  aeries  were  suceesaively  created  ia  a  sUte  of  foU-giown 
maturity^,  and  by  the  iDtrioate  weakneaa  of  all  compartsona  inatilnted  Men 

pari  mnterid. 

Noither  can  any  precarious  mechanical  analogies  render  the  inquiry  more 
dehnitCt  or  give  a  logical  value  to  our  conclusioas.  We  are  not  entitled 
to  preaome  that  tbe  forcea  which  have  opemted  on  the  earth'a  eniat  have 
alwaya  been  the  aame.  Were  we  to  compare  the  beda  of  modern  seas  and 
kkea  with  the  ancient  atrata,  and  assume  proportionable  periods  for  their 
accumulation,  we  must  assume  also  that  chemical  and  mechanical  forces 
were  never  in  a  state  of  higher  intensity,  that  water  was  never  more  rapiiJly 
evaporated,  that  greater  torrents,  Huid  or  gaseous,  never  flushed  the  lakes  and 
aeas,  and  thai  more  frequent  elevationa  and  depreaaiona  never  gave  scope 
quicker  aneceaatons  of  animal  life.  To  gain  any  real  inaight  into  theae  ob- 
scure pages  of  ancient  history,  we  must  have  recourse  to  a  strict  indaetioa 
of  physical  and  chemical  factn,  and  thence  learn  the  probable  obmi^  and 
causp-*,  of  the  wonderful  series  of  changes  which  geology  unfolds. 

I  am  not  aware  liiat  any  full  and  connected  btatement  lias  been  published 
of  the  facta  which  have  been  contributed  by  physical  obaervaliona,  and 
chemical  experiment,  towards  elucidating  the  conditions  of  those  cliaiigea» 
and  propose  therefore  to  preface  the  account  which  I  have  to  give  of  esperi- 
ments  designed  to  throw  light  upon  them,  with  aaketch  of  the  progreaa  of 
science  in  that  department. 

Forty  years  have  elapsed  since  the  author  of  the  '  M^canique  Celeste ' 
drew  attention  to  the  ftiet  that  multiplied  obaervationa  In  deep  mine^  well8» 
and  springs,  had  proved  the  existence  of  a  temperature  in  the  interior  of  the 
earth  increasing  with  the  depth.  He  remarked  that,  by  comparing  exact 
observations  of  the  increase  with  the  theory  of  heat,  the  epoch  mip^ht  he 
determined  at  which  the  gradually  cooling  globe  had  lir<  n  first  tiansjiorted 
into  space  ;  he  stated  the  mean  increase,  collected  from  actual  data,  to  be  a 
oenteaimal  degree  for  every  32  f  metrea,  and  added  that  thia  ia  an  element 
of  high  importance  to  ^ology.  "  Not  only,**  he  said,  "doea  it  indieate  a  very 
great  heat  at  the  eartli  s  surface  in  remote  times,  but  if  ^ve  compare  it  with 
the  theory  of  heat,  we  see  that  at  the  present  moment  the  temperature  of 
the  earth  is  excessive  at  the  depth  of  a  million  of  metres,  and  above  all  at 
the  centre ;  so  that  all  that  part  of  the  globe  is  probably  in  a  state  of  fusion, 
and  would  be  reduced  into  vapour,  but  for  the  superincumbent  beda*  the 

*  To  suppose  otherwise  with  regard  to  animalt  which  take  care  of  tbeir  jouug  wmtld  he 

absurd  ;  and  hence  it  is  prohaljle  also  that  this  is  the  general  system  of  creation.  The  most 
remarkable  fact  which  modem  geology  has  disclosed  is  the  continual  succession  of  newly* 
created  species.  It  hat  been  attempted  to  acconnt  for  these  according  to  known  laws  of  jrro- 
geniture^  by  supposing  numerous  non-apparent  links  of  transitional  existence  to  fill  up  the 
gaps  in  the  chain  of  derivation  by  which  oue  species  is  presumed  to  have  descended  from 
another.  But  this  is  only  twisting  a  rope  of  sand ;  conjectural  interpolations  cannot  give 
coherent^  to  a  set  of  chains  which  are  destitute  of  all  evidence  of  continuity  one  with 
another,  and  between  which,  as  far  aa  our  experieooe  goes*  Nature  has  iatej^oMd  a  pda* 
ciple  of  discoaucxion. 

In  nsirig  the  word  creation,  we  adtnoiwledge  an  tigent,  and  own  our  ignorance  of  the 

egeneif,s\\i\\  regard  to  which,  in  this  ca<c,  we  only  know  tftat  it  is  gytttmaiiti  Ibt  we  aee 
successive  i>pecies>  accommodated  tu  !iucces!>ivc  conditions  ut  existence. 

t  M.  Uabinet  (Trcmhlcments  de  Terre,  1856),  taking  M.  Walfcrdin's  measurement  flNim 
artesian  borings,  which  gave  31  metres  for  1 '  C.  as  tbe  most  rx^irt,  remarks,  that  the  tem- 
perature  at  the  depth  of  3  kilometres  must  be  above  the  heat  ot  boUiug  waXxr,  and  at  that 
of  60  kOooMtrca,  about  2000*  C,  sufBcing  for  the  fnsion  of  Uva,  hasalt,  trachyte,  and 
porphyiy. 
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pnmore  of  ^?hich,  at  those  great  depths,  is  immense/'  "  These  considera- 
tions,** he  further  atit^rd,  "will  explain  a  great  nutubrr  of  pronlofricnl  p!ie- 
nomena;"  and  he  instanced  those  of  hot  springs',  which  he  accounted  forou 
the  supposition  tliat  rain-water  in  channels  communicating  from  super- 
ficial  vnerroiiB  with  the  ioterior  of  the  earth,  thence  rites  again^  heated, 
to  the  eurfaee. 

Fourier,  at  the  same  time,  expounded  the  methods  hy  which,  after  extended 
observnHon  of  the  internal  temperature,  and  further  experiments  on  the 
conduction  of  heat,  he  conceived  that  mathematic  analysis  might  determine 
the  epoch  at  which  the  process  of  cooling  began,  concluding  in  the  mean- 
while fffmn  iketa  already  known, — Ist,  that  no  aenilble  dimtnutioii  ef  tern* 
peratnre  hat  taken  place  during  the  period  of  historical  chronology ;  2ndly» 
that  at  a  former  era  the  temperature  underwent  great  and  rapid  changes. 

Thus  was  a  train  oT  graduated  causes,  physical  and  chemical,  introduced 
into  (jreology  on  tlie  foundation  of  inductive  reasoning,  which  is  capable  of 
resolving  some  of  the  chief  difficulties  oi  the  science  in  our  comparison  of 
the  present  with  the  past 

When,  for  instance,  we  read  in  the  oiiganic  contents  of  the  strata  the 
history  of  a  period  when  the  climate  was  apparently  uniform  in  all  parts  of 
the  earth,  and  learn  from  the  imbedded  plants  that  the  temperature  of  Arctic 
laiuis  wa^once  equal  to  that  of  warm  latitudes  at  the  present  day,  to  account 
for  these  circunu^tances,  we  need  no  longer  bewilder  ourselves  with  hi/po* 
tketei ;  we  have  a  vera  causa  In  the  knowledge  that  the  earth  haa  passed 
through  a  state  in  which  its  tenqieratuve  was  due,  not  so  much  to  a  sun  then 
veiled  in  clouds,  as  to  a  heat  penetrating  equally  in  all  directions  from  the 
centre  to  the  circumference  of  the  globe. 

When,  HG^ain,  we  contemplate  a  mountain  range,  and  view  the  abrupt  pre- 
cipices of  some  aipine  chain,  with  its  enormous  masses  of  rock  uplifted  to 
the  clouds,  and  descending  as  many  miles  into  the  bosom  of  the  sea,  and 
when  we  compare  such  abnormal  laboun  of  nature  with  the  petty  riringa 
of  the  earth's  surface  in  the  existing  state  of  things,  we  have  a  vera  causa 
for  that  disparity,  in  the  knowledge  that  there  waa  a  time  when  the  eruptive 
forces  ol  the  seething  mass  within  were  greater,  and  when  a  weaker  crust 
underwent  vaster  disturbances. 

Or  if  we  examine  the  general  structure  of  the  strata,  and  see  the  mmUnh 
turn  contemporaneouftly  solidified  over  large  portions  of  the  earth's  circum- 
ference, and  then  observe  the  absence  of  consolidation  in  the  actual  opera* 
tions  of  nature,  whether  under  the  [iressure  of  deep  seas,  or  elsewhere, 
cNcept  in  a  few  foci  of  igneous  action,  we  have  here  also  a  vera  causa 
of  the  diiierence,  in  the  ancient  prevalence  of  that  high  temperature  which 
the  laboratory  of  nature  and  art  shows  to  be  the  most  capable  of  hipidifying 
stony  nsaterials. 

Descending  into  the  details  of  mineralogy,  we  find  the  same  departaro 
from  the  present  order  of  nature  in  the  constitution  of  minerals;  and  in  the 
sequence  of  rlif  iniral  efiects  of  heat  increasing  with  the  age  of  the  stratum, 
M'e  see  a  real  came  for  the  distinction. 

Thus,  for  example,  to  begin  with  the  upper  beds,  the  chendst  knows  that 
solutions  of  carbonate  of  lime,  at  the  ardimay  temperature^  deposit  erystalc 
with  the  common  form  of  calcareous  spar,  but  near  the  ^iVtM^point  of 
water  with  that  of  Arragonite.  Now  in  the  mincralogical  collection  of  the 
Yorkshire  Philosnjihical  Society  is  a  specimen  of  tliis  mineral  investing 
calcite,  from  i\\ecludk  clitf:iuf  Beachy  Head ;  and  if  any  one  will  examine  the 
caves  of  taleofmus  grit  on  the  Yorkshire  coast,  he  will  find  them  in  somo 
places  lioedi  like  those  of  volcanic  rocks^  or  tlie  months  of  hot  springs,  with 
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AfroffOtdie*.  Here  then  we  have  proof  of  a  certain  modicum  of  heat  existing 
in  boiline-springs  now  extinct,  which  once  pervaded  these  strata ;  for  had  the 
heat  of  t£e  water  whioh  left  this  deposit  been  much  more,  or  lees,  than  about 
81S^  F.,  no  such  crystals  could  have  been  formcil.  Not  far  from  the  same 
locality,  in  a  thin  scam  of  the  cornbiasli  Oolite,  I  have  found  nodule?  rn- 
rlnsing  small  Cfustucai,  the  interior  of  wliich  vas  lilleil  with  crystalline 
blende.  No  other  trace  of  zinc  is  to  be  seen  in  the  country  around  t.  The 
same  singular  phenomenoo  may  be  observed  in  the  neighbouring  Lias-shale, 
where  the  chambers  of  the  Ammonites  frequently  contain  hkndiSX*  This  is 
not  a  phenomenon  peculiar  to  the  district ;  it  illustrates  the  general  con- 
dition of  the  earth  after  thrs(!  (shells  were  deposited,  and  is  bft  nccounted 
for  by  the  vera  causa  of  an  elevated  temperature  ;  it  indicates  liiat  the  fume^ 
of  ziiic»  or  one  of  its  volatile  combinations,  must  have  penetrated  the  strata, 
taking  the  form  of  blende  in  the  chamben  of  the  Ammonite,  and  having 
been  sealed  op  in  these,  escaped  decomposition. 

The  same  account  is  applicable  to  the  dissemination  of  carbonate  and  sul- 
phide of  lead  and  copper  in  the  Permian  and  Triassic  strata,  and  of  the 
particles  of  metallic  copper  in  the  tiiountain  limestone ;  as  well  as  to  the  de- 
posits of  calamine  in  the  hollows  of  that  rock,  on  the  conditions  of  which  de- 
posits  light  is  thrown  by  an  experiment  of  Delanone,  who  found  that  nopre- 
isi|Htate  of  carbonate  of  tine  is  produced  by  limestone  at  the  eommfm  tempera- 
ture, but  that  it  is  perfectly  thrown  down  from  a  ivarm  eolation  of  its  salts. 

And  here  also  it  i?  worthy  of  remark,  that  in  the  experiments  of  Forch- 
haiiiinor  to  illustrate  tin  formation  of  dolomitic  strata,  when  a  solution  of 
carbonate  of  lime  was  mixed  with  sea-water  at  a  boiling  heat>  the  compound 
Ibmied  contained  only  18  per  cent  of  carbonate  of  magnesia^  but  that  the 
proportion  of  magnesia  increased  with  an  increase  of  temperature;  in  the 
experiments  of  Favre  and  Marignac»  the  composition  of  equal  atoma^  which 
is  that  of  many  natural  beds  of  magneslan  limestone,  was  attained  by  raising 
the  heat  to  392°  F.,  and  the  pressun;  to  I.')  atmospheres;  and  in  those  of 
Morlot  a  mixture  oi  sulpliate  of  magnesia  and  calcareous  spar  was  com- 
pletely converted,  in  the  same  circumataneesi  into  a  double  salt  of  carbonate 
of  IIdm  and  magnesia,  with  sulphate  of  lime. 

The  probable  history  of  all  the  calcareous  and  magnesian  strata,  with 
their  interstratified  cherts  and  flints,  and  interspersed  clialeedonic  Ibssils,  is 
that  they  are  products  of  submarine  solffifaras,  whence  issued  successively, 
in  basins  variously  extended,  gases  and  springs  capable  of  dissolving  pre- 
existent  beds,  which  caused  altemate  depositions  of  silica  and  carbonated 
earths,  and  intermitting  from  time  to  time,  allowed  intervals  for  the  suecestioD 
of  Ofganio  and  animated  beings. 

The  manner  in  which  materials  are  furnished  for  extensive  sedimentary 
deposits  by  processes  of  disintegration  dependent  on  subterraneovi»s  ema- 
nations, has  been  observed  by  bunsen  in  the  solfataras  of  Iceland.  He 
describes  the  palagonUie  roclu,  formerly  erupted  there,  as  undergoing  con- 

*  Dr*  Murray  informs  me  thai  this  Arrngonlte  is  found  in  a  little  bay  within  six  ailet  of 
Scsrborough,  in  the  seams  and  crevices  of  the  up]>cr  calcareous  grit.  He  describes  it  as 
fibrous,  compact,  or  imperfectly  matnmillatcd,  wanting  the  oblique  cleavage  of  calcite, 
scratching  Iceland  spar,  and  flying  into  powder  in  the  flame  of  a  taper.  Mr.  Procter  having 
at  my  request  taken  the  specific  gravity  of  a  fibrous  specimen,  floids  it  3,  and  coofinns  Dr. 
Murray's  description  of  the  other  characters  of  this  mineral. 

f  The  only  peculiarity  is  tliat  a  basaltic  dike  traverses  the  district  at  a  distance  of  a  few 
miles  from  the  site  of  the  fossils. 

X  Tlir  I.iils  fosHils  sometimes  also  contain  r/ahna.  Bhim  describes  a  bivalve  from  r\  fer- 
ruginous oohtic  rock  near  Semur,  the  shells  of  wliich  coa&ist  entirely  of  crystalline  ianiins 
of  ^peeukar  irtm ;  and  a  cardinis  from  the  lower  liss,  sccording  to  Bischof,  Ukewise  consists 
sf  the  Hune  minerslf  which  we  linow  elsewhcrs  as  s  result  of  volcsnic  acttoa* 
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version  by  thete  means  into  alternate  and  irregularly  penetrating  beds  of 
Nvhit^'  ferruginons,  and  coloured  fcrruginor-.  fumerole  clay,  the  deposits 
being  disclo>e(i  to  a  considerable  depth,  and  exhibiting  in  the  clearei^t  uian- 
oer  the  phenomena  of  alternating  colours.**  "  One  is  astonished/'  hu  rc- 
marka,  at  observing  the  great  liiiiUarity  between  the  external  phenomena 
of  these  metamorphic  deposits  of  elay  still  in  the  aet  of  being  formed,  and 
TOrtain  structures  of  the  Keuper  formation.  Thousands  of  years  hence  the 
geolo^:i<t  wlio  explores  these  r*;gion8  when  the  last  traces  of  tin  now  active 
fumeruh  s  have  vanished,  and  the  elav  formations  have  become  consolidated 
into  mari-iike  rock^  by  the  silica  witli  which  they  are  saturated,  may  suppose, 
from  the  diflferently  stratified  petrographic  and  ehemical  character  of  these 
bedsy  that  be  b  looking  at  ftcstz  strata  formed  by  deposition  from  water." 
**  At  the  surface,  especially,  where  the  deposition  is  favoured  by  slow  eva- 
fioration,  innumerable  ervHtals  of  ^rpsum,  often  an  inch  in  dinnietcr,  may 
frequently  be  observed  loo>elv  surrounded  by  an  ar£:illaeef)us  mass.  At  the 
mountain  ledge  of  the  Naniaricyall,  and  at  Krisuvik,  this  gypsum  is  found 
to  penetrate  the  argillaoeons  masses  in  etnmteUd  itraUi  and  Ju>or4ikt  depo- 
sits, which  not  onfn  (juently  project  as  small  rocks  where  the  lower  soil  has 
been  carried  away  by  the  action  of  the  water.  These  deposits  arc  sometimes 
sparry,  corresponding  in  their  exterior  very  perfectly  with  the  strata  of  gyp- 
sura  so  frequently  met  with  in  the  niari  and  clay  formations  of  the  Trias.*' 

The  great  disturbancc^i  and  fractures,  the  trappeaa  rocks,  and  the  fr^- 
ments  of  porphyritic  conglomerates,  at  the  bases  of  these  formations,  tend  to 
confirm  the  opinion  of  Bansen,  that  they  have  had  a  metamorphie  origin,  an 
origin  very  probably  common  to  other  beds,  whether  consisting  of  marl,  shale, 
or  j^and.  AH  tlie  sand-beds  now  forming  are  due  to  the  disintegration  and 
detritus  of  ancienf,  sandstones,  a  process,  which  continued  through  a  great 
lapse  of  time,  has  but  coated  some  portions  of  the  sea-side  with  unconsoli- 
dated sand.  In  the  soundings  of  the  Atlantic  depths, the  microscope,accofding 
to  Maury,  has  failed  to  detect  a  single  particle  of  sand  or  gravel.  For  the 
origin  nnd  consolidation  of  the  inferior  grits  and  shales  we  must  look  to  ac- 
tions, mechanical  and  chemical,  more  potent  than  those  which  the  present 
tranquil  coarse  of  nature  presents.  In  examining  the  carboniferous  sand- 
stones of  the  Blue  Mountains  in  New  South  Wales,  with  their  shales  and  coal- 
beds,  more  than  12,000  feet  in  thickoess,  Darwin  was  surprised  at  obeer- 
ving,  that  though  they  were  evidently  of  mechanical  origin,  all  the  grains  of 
quartz  in  some  specimens  were  so  perfectly  crystallized  that  they  evidently 
had  not  in  their  present  form  been  aggregated  in  a  preceding  rock;"  and 
he  quotes  Wm.  Smith  as  having  long  since  made  the  same  remark  on  the 
millstone  grit  of  England.  If  any  one,  in  fact,  will  observe  with  a  lens  the 
sarfaces  of  the  qnartz  pebbles  included  in  that  grit,  he  will  find  on  most  of 
them  numerous  unabra<kd  facets,  which  bear  evidence  of  a  quartz-crystalline 
action  having  pervaded  the  rock  whilst  its  consolidation  was  going  on. 

There  can  be  no  !)etter  proof  of  widely-spread  chemical  action  due  to 
beat  than  the  frequent  presence  of  cryslaUized  silica  in  every  part  of  the 
stratified  rocks. 

The  deeper  we  descend  In  the  strata,  the  more  plentiful  are  the  veins  and 

beds  of  quartz^  and  the  more  manifest  the  signs  of  metamorpkie  action. 
Von  Bucli  was  the  first  to  explain,  on  the  principle  of  metamor])liism, 
the  change  of  calcareous  rocks,  in  contact  with  pyroxenic  porphyries,  into 
dolomites;  and  in  1835  the  same  principle  was  extended  by  Fouruet  to 
metallization  of  rocks  by  contact  w  iih  quart/iiferous  porphyries,  and  to 
ikt^f  feUpaikkeakm  and  tiHcifieaHon  by  the  contact  of  granite.  **  Since 
the  theory  of  a  central  fire/*  he  observed,  "  has  been  confirmed  by  modem 
researches,  all  the  great  questions  in  the  history  of  the  g^obe  appear  snaoep- 
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tible  of  a  simple  solulion,  and  it  is  ustotiishiug  that  chemist;!  have  not  yet 
carried  their  views  iu  this  direction.  From  the  moment  lliat  we  consider  the 
terrestriat  globe  ai  t  mtM  of  which  the  different  paria  have  aueecisiTelj 
undergone  the  action  oF  fire»  we  mast  also  conccive»  at  a  necessary  conse* 

quence,  a  series  oT  chemical  phenomena,  such  as  calcination,  fusion,  cemeit' 
iatiorty  &c.,"  meaning"  by  this  latter  terra,  the  mutual  molecular  inter- 
penetralion  of  bodies  in  conlU/uit^t  a  process  of  which  I  shall  presently  have 
to  offer  a  remarkable  example. 

There  was  one  mineralogtcal  chemist  however,  of  high  eminence^  who  had 
long  before  carried  his  views  in  the  direction  desired  by  Foumet«  In  1823* 
Mitscherlich,  having  examined  tlie  forms,  and  analysed  the  ingredients,  of 
forty  crystalline  prodacts  of  ffirnaces*,  to  which  Rerthicr  !i:ul  for)tribnted 
several  parallel  results  ol"  oxpcriniental  pr<)ce?«Je^,  pmnouiired  tlieiu  iiK^iitical 
with  various  native  miiieruls,  and  in  particular  witii  peridot,  pyruxeue,  and 
miea.  In  the  artificial  mica,  however,  he  found  Ume%  of  which  granitic 
mica  scarcely  contains  a  trace ;  and  this  led  him  to  apeculate  on  the  cause 
of  the  chief  chemical  distinction  between  the  granite  and  trap  formations, 
consisting  in  the  absence  of  calcareous  and  magnesian  silicates  from  the 
former.  Supposing,  he  argued,  that  the  primary  rocks  were  lormcii  at  that 
stage  uf  the  earth  s  refrigeration  when  ^xix^  of  its  water  were  in  u  &tate  of 
vapour,  the  pressure  on  every  part  of  its  surface^  computed  according  to 
Laplace's  calculation  of  the  mean  depth  of  the  sea,  would  be  225  atmo* 
spheres  f ;  but  under  such  a  weight  the  affinity  of  lime  for  silica  would  oeaae; 
hence  the  crystal?*  of  uticombined  silica  in  Carrara  marble. 

The  surmise  has  since  been  hroug^ht  into  evidence  by  an  experiment  of 
Petzholdt,  in  which  pulverized  quartz,  heated  to  whiteness  with  au  equal 
weight  of  carbonate  of  lime  in  an  cpm  vessel^  was  found  to  form  a  ailieate 
with  the  Ume,  but  produced  no  combination  when  heated  in  a  strong,  dom 
vessel  of  iron. 

The  crystallization  of  the  primary  rocks  was  supposed  bv  the  earlv  Plutonic 
theorists  to  be  due  to  slmn  cooiiny  ;  but  this  principle  alone  does  not  j>atisfy 
the  phenomena.  The  cry&taUine  structure  of  granite  is  seen,  for  example  in 
Glen  Tilt,  at  Shap  Fellf,  and  elsewhere,  to  be  equally  uniform  in  its  partial 
irruptions  into  the  superior  strata,  as  where  it  appears  to  be  the  fonatdatlon 
stone  of  the  earth's  crust;  it  has  crystallized  in  its  accustomed  manner,  where 
it  has  penetrated  fissures  of  the  upper  bed*  in  plates  thin  as  the  loaves  of 
a  book  and  threads  as  fine  as  a  hair,  and  even  where  it  U  involved  iu  the  in- 
vaded stratum  so  that  no  junction  with  any  vein  can  be  observed.  How 
could  it  have  been  thus  injected  in  a  state  of  fusion,  unless  of  the  most  liquid 
kind  ?  and  how  could  the  heat  of  such  liquidit)*,  in  a  material  of  wbtoh  the 
fusing-point  is  so  high,  be  otherwise  than  rapidly  cooled  down? 

Furthennore,  the  quartz  which  ftrnt?  ho  large  a  constituent  of  granite, 
has  always  the  specitic  gravity  oi  vi  t/stuiiine  silica,  which  exceeds  that  ot  any 
other  !>pecies  of  silica.    But  Deville  and  others  have  shown  that  fusion 

*  Aunsles  de  Chimie,  torn.  xxiv.  p.  258,  1824.  Mitscherlich  sur  la  production  artigcielle 
des  minArsux  erytlsllit^^ j'al  troav^,  Ik  Pshlan,  do  ■flieate  et  bItiUeate  de  protosids  de 

fer,  a  Garpcnberg,  <lu  :nica  et  du  pyroxene,  Ics  niCmcs  fii,'ures  crystallines,  ct  tons  les  autres 
caracteres  des  uiineraux  correspondaiu,  le  biiilicatc  de  protoxide  de  fa*  et  de  chaox,  de 
mtgiiMe  et  de  cham,  les  trinticBlei  de  chsnx,  de  cbanx  et  de  mmganese,  le  fer  oxid^  (fer- 
rosoferricum),  le  protoxide  dc  cuivre,  Ic  deutoxidc  de  cuivrc,  I'oxide  de  zinc,  Ics  sulfures 
de  for,  de  zinc,  de  ploinb,  I'ars^eure  de  nickel,  &c.  &c,  et  betucoup  d'aatret  substances 
en  cristaux  bien  pronone^. 

t  la  Mitscherlich's  Meinoire,  as  printed  iu  the  '  Annates  de  Chimie  et  de  Physique,' 
tome  xxiv.  pp.  372,  373,  tlic  atmospheres  are  stated  as  2250,  dedooed  from  sniMa  depth  of 
sea,  9G,000  feet,  with  a  cipher  Uio  much,  that  is,  iu  both  cases. 

X  I  understand  from  Mr.  Marchall  that  the  ramified  gnaits  of  Shap  Fdl  is  HmUariy 
ciyitaUixcd  with  the  rest  of  the  xock,  but  liner  grsiaed. 
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lowers  tbU  specific  gravity  to  a  conftaiit  amount,  and  that  ftts€d  silica  does 
not  recover  its  density  in  cooling.  Crystalline  granite,  as  Delesse  has  shown, 
passes  by  fusion  from  the  density  oi'  2*62  to  that  of  2*32,  and  Egyptian 
porphyry  from  2*76  to  2*18. 

^gain,  tlie  felspar  in  granite  is  encrusted  by  the  quartz,  the  most  fusible 
by  the  least  fusible  material,  contrary  to  all  experience  of  crystallization 
either  from  solution  or  fusion. 

Lastly,  all  the  minerals  of  which  granite  is  compostd  have  been  artificially 
produced,  and  their  production  has  in  every  instance  taken  place  at  tempera- 
tures far  below  that  of  (lie  fusing-point  of  that  rock,  'j  he  first  specimens 
of  artiticial  felspar  analysed  by  Kart'teit,  and  measured  by  Mitscherlich, 
were  found  in  tbe  lining  of  a  copper  furnace  amongst  a  sublimate  of  sine 
Mitseberlich  tried  to  obtain  the  like  by  fusing  several  pounds  of  native  felspar 
in  a  porcelain  furnace,  and  subjecting  the  mass  to  a  process  of  slow  cooling, 
but  without  success*.  In  the  Muldrn  ?tnelting  works,  Cotla  observed  the 
walls  of  the  furnace  traversed,  in  the  jomts  of  its  nuijiuiuy,  and  in  the  cracks 
vhich  it  had  undergone,  by  beautiful  metallic  veins,  the  sides  exhibiting  the 
phenomena  of  impregnation  and  alteration  as  in  the  boundary  walls  of 
natural  veins,  and  tbe  ores  consts^ting  of  galena,  blende,  iron  and  copper 
pyrites,  purple  copper,  Fabl  ore,  native  copper,  &c*  In  like  manner  pyro- 

noipbite  (Pb*  Pb  CI),  in  well-formed  six-sided  prisms  from  tbe  iron 
fttinace  at  Asbach,  was  found  attached  to  tbe  stones  of  the  niasonrv.  There 

can  be  no  doubt  but  that  Karstcn's  crystals  of  felspar,  like  these,  were 
formed  by  gaseous  sublimation  ;  and  an  analof^ous  process  would  account 
for  the  felspar  observed  by  liuidinger  in  a  ba<aitic  cavity,  under  the  form 
of  Laumonite,  and  by  Bischof  in  a  porphyritic  bed,  in  which  a  Trilobite 
also  was  found* 

A  new  view  of  tbe  production  of  minerals  has  been  opened  by  Ebelincn, 

vho  obtained  the  most  refractory  ciystals  of  the  granitic  rocks,  such  as 
spinel,  emerald,  cymoplijuu,  nTid  corundum,  by  segregation  in  the  interior 
of  a  fused  ma^j«.  They  were  iormed  at  a  heat  fur  below  that  which  would 
fuse  either  those  crj'stals  or  granite,  by  means  of  the  evaporation  of  a  fusible 
and  volatile  medium.  Gaudin  also,  on  tbe  same  principle  using  a  similar 
alkaline  solvent,  and  substituting  sulphuric  for  boracic  and  carbonic  acids 
as  the  volatile  ingredient,  obtairu  d  the  ruby. 

To  the  same  category  may  be  referred  an  experiment  by  Precht,  who 
having  added  to  a  transparently  fused  frit,  weighing  ]  \  cwt..  a  considerable 
quantity  of  felspar,  found,  after  cooling,  that  a  large  portion  of  this  mineral 
had  separated  itself  in  foliated  masses,  and  in  several  distinct  crystals. 

Tbe  most  important  light,  however,  on  this  subject,  es|)ecially  in  relation  to 
metamorphic  jihcnomena,  is  frotn  the  ex['ei  iinents  of  Daubr^e  on  the  reaction 
of  gaseous  conjpounds  upon  v;ui(jus  earthy  bases.  Conveying  the  chlorides 
of  tin  and  titanium  over  lime  at  heats  varying  from  57^2,°  to  1652^  Fahr., 
be  produced  cryslala  of  tinstone  and  brookite ;  by  variations  of  tbe  same 
principle,  at  beats  not  exceeding  redness,  lie  obtained  all  the  following  mine- 
rals : — woUastonite,  staurolite,  peridote,  distfaene,  willrmite,  idocrase,  garnet, 
phenakito,  emerald,  euclase,  corundnn!,  zircon,  periclase,  spinel,  augite,  di- 
opsidc,  gahnite,  franklinite,  hieniat  iir.  iclspar,  and  tourmaline  In  hexagonal 
prisms  imbedded  within  crystals  of  quartz.  'l  \ie  process  was  of  this  descrip- 
tion :-*Chloride  of  ahtmimwn,  passed  over  lime  at  a  red  heat,  produced 
corundum;  chloride  of  tUieium,  passed  in  like  manner  over  seven  equiva* 
lents  of  potash  or  soda  and  one  of  alumina,  produced  the  different  species 
of  felspar :  the  latter  named  ga»,  decomposed  by  lime  at  tbo  same  heat,  or 

*  |f  r.  ManbaU  fnasd  a  Ur^  msis  of  granite,  and  coolbtg  it  ilowly  oMncd  no  crystals. 
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by  magneUR,  alumina,  or  glaeina,  gave  crystallized  quartz  in  the  usual  form 
of  the  pyramiJal  hexagon,  paflsiog  below  into  a  silicate  of  the  assnoiated 
bases.  "  The  most  remarkable  part,**  as  DaubrCe  has  remarked,  connected 
with  these  reactions,  in  a  chemical,  and  especially  a  geological  pumtuf  view, 
if  thai  the  ailiciam  woA  the  tilicates  thus  produced  have  an  extreme  tendenej 
to  eryttalliie,  and  that  the  cryatallization  takes  place  at  a  temperature  far 
below  their  pointa  of  fusion."  *^  Tiie  manner,"  he  adds, "  in  which  quartz  and 
the  silicates  are  connected  with  the  granite  rocks  has  long  been  a  difficulty 
io  all  the  hypotheses  ou  the  formation  of  the  rocks  called  primitive.  Now 
we  find,  in  our  experiments,  liiat  quartz  crydtaXihes  at  the  same  time  with, 
or  even  later  than*  Uie  siUoatcs  at  a  temperature  tcareely  exceeding  a  ekerry- 
red  heat,  and  consequently  infinitely  below  its  point  of  fusion*  * 

M*  Daubr6e  disclaims  the  supposition  that  those  rocks  themselves  were 
formed  after  the  formula  of  his  experiments.  Nevertheless,  considering 
the  probability  that  formations  at  higher  temperatures,  now  obliterated,  may 
have  preceded  that  uf  the  grauiiic  rocks,  observing  the  uniform  crystaiiiza- 
tion  of  granite  io  the  tenuity  of  its  ramifications,  as  well  at  in  mass»  and 
perceiving  that  Daobr^e  by  his  process  has  reproduced  almost  all  the  granitic 
minerals,  and  among  them  not  only  the  felspar,  but  the  crystalline  quarto 
of  granit<\ — It  must  be  admitted  that  such  a  theory  is  worth  attention. 

Durochcr  has  added  to  Daubrec's  researches  two  capital  experiments,  of 
direct  geological  application,  in  obtaining  the  sulphides  of  the  mineral  veins 
by  the  reaction  of  sulphuretted  hydrogen  on  the  chlorides  of  the  metals  in  a 
state  of  vapour,  and  in  having  effected  the  m(^tamorphism  of  limestone  into 
dolomite  in  an  atmosphere  of  the  vapour  of  chloride  of  mairnesium. 

A  theory  of  sublimatio?!,  however,  may  admit  of  many  niodifications, 
and  may  be  combined  with  the  principle  of  segregation  dlustruted  in  the 
experiments  of  Ebelmen.  Deville  and  Caron,  having  fused  bone  phosphate 
at  a  red  heat  in  excess  of  chloride  and  fluoride  of  calcium,  found  that  lime 
apatite  crj  stallized  out  in  cooling,  and  was  easily  separated  by  washing  from 
the  soluble  salts.  In  like  manner,  with  different  bases  and  different  chlorides, 
they  obtained  the  numerous  varieties  nf  apatite  and  waf^nerite.  And  ihey 
observed  further,  that  all  these  minerals  became  voluiiie  at  a  slightly  elevated 
temperature  in  the  vapour  of  the  ohloride  amidst  which  they  were  formed. 

Senarmont,  pursuing  another  course,  had  applied  a  heat  somewhat  ex- 
ceeding 662°  Fahr.  to  an  aqueous  solution  of  hydrochlorate  of  alumina,  con- 
fined in  a  close  tube,  and  thus  decomposing  it  into  its  volatile  and  solid 
inL'redients,  obtained  corundum,  distinctly  crystallized  and  mixed  with 
diaspore,  the  same  substance  under  a  different  form,  and  with  different 
chemical  properties,  thus  repeating  in  a  remaifcable  manner  that  procesa  by 
which  the  same  minerals  are  found  in  nature  similariy  intermingled.  He 
also  succeeded  in  eliminating  crystals  of  quartz  from  hydrate  of  silica  by 
dissolvin'-i  the  hydrate  in  water  charged  with  carbonic  acid,  and  pradtially 
raising  the  temperature  of  the  tube  which  contained  it  to  a  heat  of  from 
400^  tu  oUO^  Fahr^  and  by  analogous  methods  he  obtained  carbonates  and 
sulphides  identical  with  native  minerals.  In  some  of  these  experiments  the 
process  was  so  varied  as  to  show  that  the  separation  of  the  anhydroua  cry- 
stals was  due  to  the  gradual  withdrawal  of  the  dissolving  gas.  The  hydrated 
bcsquioxide  of  iron,  also  heated  in  water  of  the  temperature  of  360'^'  Fahr^ 
was  dehydrated,  becoming  magnetic.  In  an  experiuiefit  by  Wohler,  ou  the 
contrary,  apophyllitc  dissolved  in  water  at  the  same  tumperature,  returned 
on  eooUng  to  its  original  form,  retaining  its  water  of  crystallisation.  To  this 
class  of  &covery  Daubr4e  has  likewise  added  some  valuable  facts,  having 
obtained  r^ular  crystab  of  quartz,  by  decomposing,  with  the  vapour  of 
water  alone»  the  interior  of  a  glass  tube  subjected  to  a  low  red  heat ;  at  the 
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same  time  silicates  were  formed,  liydrated  or  anhydrous,  according  to  the 
degree  of  heat;  when  fragmeuL^  of  obsidian  were  inserted,  crystaU  of 
lihyacolite  appeared  ;  and  the  silicated  water  of  rioiubtere  being  sub^ULuled 
for  plaiD  water,  and  kaolia  for  obsidiao,  crystals  of  diopside  intinuated 
tbeiDKlvet  into  the  silicated  substance  of  the  tube,  aod  the  kaolin  waa 
changed  into  a  substance  possessing  felspathic  characters. 

All  these  ezpenuient&  are  adverse  tu  the  idea  that  the  primary  rocks  have 
undergone  fusion.  The  best  natural  criterion,  perhaps,  of  the  temperature 
at  which  they  were  formed,  was  afforded  bv  the  discovery,  in  1828,  of  a 
method  of  manafactttring  uiiramarim,  baaed  on  Vauqaelin's  Identifieation 
of  a  famace-product  with  the  Lapis  luuli  found  in  granite  and  in  primitive 
limestone.  In  some  specimens  which  I  possess  of  the  latter  rock,  this 
beautiful  mineral  may  be  seen  on:\iuelling  with  minute  specks,  and  with 
perfect  distinctness,  within  and  without,  all  the  plates  of  the  calcareous 
crystals,  which  are  here  and  there  interspersed  with  small  crystals  of  sulphate 
of  lime*  The  heat  at  which  the  artificial  ultramarine  is  made  is  thai  of  rwd- 
MM.  A  lower  tempeiatura  will  not  suffice  to  produce  the  colour,  and  a 
higher  destroys  it. 

\Vc  can  now  better  understand  how  Hunterite,  a  white  felspathic  mineral 
containing  11*6  per  cent,  of  water,  can  have  been  formed  where  it  is  found  ; 
a  hydrated  silicate  of  alumina  in  the  bosom  of  ms^im  gramle  is  an  anomaly 
for  which  high  pressure  would  scarcely  account;  but  if  the  lock  was  at  the 
temperature  only  of  a  low  red  heat,  the  formation  of  this  mineral,  and  of 
the  hydrated  micas,  will  ik>  longer  appear  a  marvel. 

Other  notices  of  ancierit  degrees  of  heat  have  been  observed  in  the 
strata.  In  a  cavity  within  a  quartz  crystal  from  Dauphin^,  Davy  found  a 
viscous  inflammable  fluid  in  small  quantity,  in  a  perfect  vacuum*.  In  the 
cavities  of  other  quarts  crystals  he  found  water  and  rarefied  air.  Sorby, 
having  determined  the  amount  of  rarefaction  in  one  such  from  a  bed  of 
mica-slat^  in  which  ho  dctecteci  many  others,  calculated  the  temperature  of 
the  crystal  at  the  time  of  its  formation  to  have  been  320°  Fahr.  In  one  case 
Davy  found  evidence  of  pressure,  which  had  condensed  the  elastic  fluid  in  a 
crystal  of  quarts,  and  Brewster  observed  the  like  in  crystals  of  topaz. 

From  a  general  rcTiew  of  the  researches  now  detaHed,  the  following  infer- 
ences may  l>e  drawn:— - 

1.  That  all  the  consolidated  strata,  viewed  chemically,  boar  marks  of  sub- 
jection to  an  action  of  heat  agreL-abk*  to  the  theory  of  the  carih's  refrif^rm- 
tion,  in  direct  proportion  to  the  age  of  their  deposit ;  and  that  they  show  tiiat 
action  most  explidtly  in  the  presence,  throughout,  but  more  abundantly  as 
the  series  descends,  of  that  peculiar  form  of  silica  which  is  chemically  repro- 
duced by  the  action  of  heated  volatile  matter. 

2.  That  the  ipnoons  minerals  were  formed  by  molernlar  aggregation,  at  a 
heat  not  exc('rfHii<:,  ]>erhaps,  that  of  an  ordiii:u y  lire,  either  as  a  residuum 
from  the  expaatiuu  of  fusible  and  volatile  materials,  ur  mure  generally  as  a 
deposit  from  volatile  forms  of  matter. 

As  there  are  two  classes  of  eruptive  rocks,  the  quartzase  and  unquartzitse, 
so  there  are  two  classes  of  emanation  which  accompany  them,  and  deposit 
earth/  minerals,  difTprini:  for  each  class,  in  the  nrighbouring  strata.  They 
generally  tuantle  round  the  rock,  and  but  selduai  ptiiit  trate  it  ;  as  if  it  had 
rather  made  room  for  them  to  rise,  than  as  li  they  made  part  of  its  substance. 
Yet  they  bear  a  resemblance  to  the  character  of  the  rock  which  they  fdlow. 
Thus  the  eryHaliitedoaade  iif  stfieofi  is  the  cbanMsteristic  ingredient  of  granite 

*  Hose  qaartr.  from  granite,  incl  cornetiiii  from  trsp,  are  coloured  by  s  cariraret  of  hydro- 

d  '1  ;  rry.stiil>  of  gmplutp  also  have  heen  found  in  quartz;  but  as  carlinuic  acid  must  have 

existed  before  flaats  could  grow,  these  facts  are  no  proofs  of  antecedent  organic  stractore. 
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rocks;  and  the  earthy  minrral-  imhr(f(1rrl  in  thf  tnrtaraorphic  strata  aronnd 
Buch  rocks  resemble  quartz  in  bring  simptc  crt/stallized  oxideSy — iniiumenible 
gems,  for  instaucei  of  the  crystallized  oxide  oj  alumina — vast  maasen  of  the 
same,  maor  tons  in  weight,  in  the  fonn  of  emeiy,  encysted  in  limestoue 
which  has  been  metamorphosed  by  rocks  of  i^nitic  character, — still  greater 
masses  of  erffttalUne  sesquioxide  of  iron  in  similar  relation  to  thoae  racks,— 
trystaUiTic  pcroridc  of  fin  shot  through  them  into  the  strata  above. 

In  the  eruptive  rocks  which  followed  the  qnartzose,  thecp  minerals',  ^^l\h 
almost  all  the  quartz^  died  out,  ami  were  succeeded  by  otherti  of  a  mure 
complex  nature  appropriate  to  the  porphyritic,  trachytici  basaltic,  and  lavic 
eruptions.  Yet  all  these,  as  well  as  the  granitic,  are  attended  by  sMIsr 
metaUiferous  veinsy  which  grow  very  weak  in  the  latest,  but  still  show,  at  least 
as  far  as  the  eruption  of  the  more  ancient  lavas*,  a  contirmed  commottica* 
tion  with  a  common  reservoir  deeper  seated  than  any  of  them. 

Davy  saw  the  iava  of  Vesuvius  i^uing,  as  if  forced  up  by  elastic  fluid?, 
perfectly  liquid,  and  neatly  white-hot,  its  snrfiice  in  violent  agitation,  with 
large  bubbles  rising  from  ft,  which  emitted  clouds  of  white  smoke,  consisting 
of  common  salt  in  great  etent,  much  chloride  of  iron,  and  some  sulphate  of 
lime,  accompanied  with  aqueous  vapour,  and  with  hydrochloric  and  sul- 

Ehurous  acids.  It  contains  also  realgar  and  '=ul|jliide  of  copper,  due  pro- 
ably  to  the  reaction  of  sulphuretted  hydrogr  ii  on  the  chloride  of  the  metal. 
In  the  early  time  of  these  eruptive  emanations,  when  they  escaped  at 
many  points  with  little  interruption,  the  land  rose  only  to  low  levels  above 
the  waters.  As  the  crust  of  the  earth  grew  more  solid  and  W(  ighty,  and 
the  vent  was  confined  to  fewer  lines  of  shrinkage,  the  elastfr  ( 1(  tnents  of 
disturbance  upheaved  the  incumbent  beds  with  greater  power,  and  the 

•  Tliough  til e  presence  of  quartz  in  lava  lias  boon  denied,  the  following  arrount  of  its 
coexittence  with  schorl  in  that  of  the  valley  of  Maria  in  Lipari  by  SpaUanzaoi  show*  Uiai  it 
does  exist  in  ancient,  perhaps  ImsaUic,  lavas,  and  strikingly  flhittrates  the  theory  of  its  sul>- 
limation,  as  here  advanced.  "  Among  the  lavas  partly  ileconiposcd  we  find  pumices  and 
enamels  containing  felspars  and  scales  of  black  schorls,  and  certain  curious  and  beautiful 
objects,  which  derive  their  origin,  in  my  opinion,  from  tiltration.  The  lavs  is  white  and  friable 
to  a  certain  depth,  of  ipetrodliceotis  baset  full  of  small  cells  and  cavities,  wtibin  which  these 
objects  m?Xc  tlicir  appearance: — First,  minute  crystals  of  schorl ;  from  the  inside  of  these 
cells  project  very  slender  schorls,  sometimes  Tcsemhling  minute  chestnut  bristles,  sor^ietimes 
a  bunch,  a  plrnne,  or  a  fan,  to  be  ascri1>ed  to  filtration  after  the  hsrdeninp;  of  the  lava,  ainc« 
though  it  is  common  to  find  schorls  in  lavas,  they  are  fourid  incorporated  within  them,  not 
detached  as  in  this  ca»c.  The  second  filtration  ii.it  prothiccd  small  qtutrizoee  crystals,  and 
the  manner  of  their  distribution  in  prodigious  numbers  renders  them  a  very  singular  phe* 
nomenon  amnngj  volcanic  objects.  ^Vhe^evpr  the  lava  is  scabrous,  wherever  it  I.ns  fnhls, 
ftinuositics,  cavities,  or  tissures,  it  is  full  of  these  rrjstalhziitions.  The  larger  crystals  extend 
to  3(  lines,  the  greater  part  about  \  a  line.  Tiiey  consi^^t  of  a  hezagOBsl  plism,  Infiseil 
by  tr'f  base  into  tin™  )riva,  and  terminated  by  a  similar  p\  ratniil.  1  hree  crystals,  amonpthosc 
1  cxamiued,  were  terminated  by  two  pyramids,  the  prism  being  attached  to  the  lava  by  s 
few  poines,  snd  Ihe  prisma  projci:ting  out.  The  most  regular  are  in  small  csintica,  but  not 
a  few  are  on  the  surface  of  the  liiva.  The  lava,  embclii^bcd  with  these,  forms  immense 
rocks  and  vast  elevations  banging  over  the  sea,  which,  whenever  they  are  broken  toacertaia 
depth,  sre  found  to  contsin  tbeae  eryatals,  with  capillary  aehorIt»  mit  very  nnmersu.  1  have 
in  my  possession  a  group  of  iiocdlc-formed  crystals  from  Mont  St.  Gothard,  within  which 
are  seven  small  prisms  of  black  striated  schorl.  The  same  may  be  observed  in  these  minute 
ttrystah.  Oiu>  qftkne  tens  perforated  from  wte  in  tide  by  •  needle  vf  tekorly  the  fw9  enfy 
qf  trhich  projrcifd  out.  Tlie  formatir  ii  (  f  'liosc  cainllary  schorl*  mu  *  1  ,  o  j  tr  Inl  ll  it 
of  the  quartzose  crystals }  otherwise  it  is  iro}H)SSible  to  conceive  how  the  former  .•should  have 
penetrated  the  inntance  of  the  latter.  In  remdtlng  the  lava  in  a  fumace,  the  qiuffts 
crystals  remained  perfectly  unaltered." 

SjNdlaozani  also  states,  that  in  this  lava  are  garnets  and  chrysolites  more  refractory  in  the 
Are  than  the  matrix  ;  and  he  adds  that  •inoe  Uotomien'a  visit  to  the  adjoining  *tove$,  when 
the  whole  ground  on  which  they  stood  was  saturated  with  hot  vajiours  issuing  everywhere 
from  small  openings  an  inch  or  two  in  diametert  at  the  time  of  his  own  visit  theie  W9(f 
reduced  to  one,  exhaling  some  atilphnr  and  cacrustsd  with  loft  pjritej. 
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mountain  chains  culminntcd  tn  thrir  utmost  lioiglit.  In  the  progress  of  re- 
frigeration the  compressing  and  imprisoned  lorces  became  nearly  balanced, 
and  the  residual  predoiuioaDce  of  the  latter  produces  tlie  phenomena  of 
exUting  earthquakes  and  Tolcano^. 

In  the  eariier  periodic  nnimitilated  tkdetons*  undisplaocd  scales,  enfira 
ink-bag^  and  floi^cent  fronds,  indicate  conditions  of  nature  which  would 
row  bp  cnllod  unnatural,  a  history  of  <iulden  dcnth  nnfl  speedy  embalmont, 
common,  not  to  individuals  only,  but  to  generations  and  sprcics.  Tiie  pre- 
servation, in  exquisite  casts,  of  the  most  delicate  organizations  indicates  a 
•peedj  bat  a  tranquil  eotombmeot,  which  it  would  be  difficult  to  refer 
to  any  other  agency  than  that  of  gaseous  emanation  through  the  waters 
In  which  the  pUnts  and  animals  existed.  Alcyonia  and  spoi^es,  looking 
like  recent  speeimensi  preserved  in  the  places  whrro  they  grew,  paiiit  to  a 
process  of  silicitication,  chiefly  anhydrous,  which  anticipated  dt'conipr)>ition. 
In  the  decreasing  activity  of  internal  heat  and  insalubrious  emanations,  we 
see  the  ndvanoetnent  of  the  phvsieal  and  ehenieal  conditioDa  essential  or 
advantageous  to  Ufii  and  with  the  progress  of  such  condiUon^  favourable  to 
thedeTelopmeot  of  higher  and  higher  forms  of  organization,  we  find  a  perfect 
correspondence  in  the  natural  history  of  organised  fossilsy  and  the  incfeasing 
tones  of  the  "Diapason,  closing  full  in  Man." 

From  tile  theory  oi  heat  and  the  facts  of  geology,  combined  with  physio- 
logical eonsiderations,  we  learn  that  there  was  a  definite  era,  in  wbieh  the 
earth  first  became  capable  of  supporting  vegetable  and  animal  life ;  and  we 
may  account  for  the  late  appearance  of  man,  by  observing  that  there  were  no 
conditions  adapted  to  the  well-being  and  progress  of  human  nature,  till  this 
state  of  things  had  yielded  to  a  healthy  atmosphere,  a  moderate  heat, 
ditfereuLiuttd  i^ones  of  lile,  stable  forces,  and  a  stationary  standing  ground. 

In  the  mdimental  ages  of  the  earth  we  behold  an  ever-ehanging  scene  of 
new  and  fitful  conditions  passing  in  rapid  succession.  Through  all  the  stages 
of  its  existence  previous  to  the  present  unifornnty,  so  favourable  to  the 
cxrrcisr  of  reason  and  the  freedom  of  will  and  action,  we  see  force  gradually 
subsiding,  and  the  time  allowed  to  life  expanded  into  a  wider  liberality.  Our 
ideas  of  its  duration,  as  compared  with  indefinite  ages,  are  equally  limited  with 
our  view  of  its  magnitude,  in  comparison  with  space  or  matter ;  we  can  find  In 
geological  data  no  chronology  but  that  of  priority  \  tli<  fussil  records  even  of 
its  unconsolidatot!  beds  have  not  yet  supplied  us  with  the  key  of  the  cypher 
which  should  con  nect  geology  with  human  history.  If  ever  we  cofne  to  know 
the  age  of  the  primary  rocks,  or  of  the  protozoic  strata,  it  can  only  be  by 
eombioing  physical  data  with  the  experimental  reproduction  of  granite,  and 
a  knowledge  of  the  heat  which  the  lowest  organisms  can  bear,  and  live. 

Since  Hall  first  applied  chemistry  to  the  service  of  geology,  few  attempts 
have  been  maiie  in  thia  country  fo  pursue  the  path  which  he  opened.  In 
1833  the  British  Association  entrusted  to  a  commission,  consisting  of  Prof. 
Sedgwick,  Dr  Daubeny,the  late  Dr.  Turner,and  myself,  the  task  of  illustrating 
geological  phenomena  by  experiments  which  it  was  hoped  might  have  thrown 
light  on  some  of  the  subjects  discussed  in  this  Report  Disappointed  of  the 
greater  part  of  the  fruit  of  these  experiments,  I  yet  believe  that  the  few 
results  which  I  now  lay  on  the  tnhle  of  the  Section  will  not  prove  devoid  of 
interest,  especially  as  evidence  of  the  low  temperature  at  which  bodies  scarcely 
reputed  volatile  are  capable  of  being  sublimed. 

The  iron  furnaces  of  Yorkshife  having  been  selected  as  furnishing  the 
best  field  for  these  experiments,  it  fell  to  my  lot  to  conduet  them.  Every 
facility  was  afibrded  me  by  the  zeal  and  liberality  of  the  proprietors  and 
managers  of  two  furnaces,  one  of  which  at  Elsicar,  belonging  to  t!ie  late  Karl 
Fttzwilliam,  and  managed  by  Mr.  U.  Uartop,  worked  for  a  period  of  five 
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years;  Om  other  at  Low  Moor,  belonging  to  Messrs.  Wiekliani  and  Hardy,  pro- 
longed Its  uinntermilting  blast  for  tit'teen  yearn.  '1  iic  luatcnals  tor  the  txperi- 
mentf)  in  addition  to  Ihote  which  I  was  mjseif  able  to  supply,  were  provided 
partly  by  a  grant  from  the  Aasoeiation,  partly  by  an  extenaive  donation  of 
mineral*  and  fc^ils  from  the  stores  of  the  Yorkshire  Philosophical  Society. 
Professor  Phillips  also,  who  was  then  in  chaige  of  thai  Society's  Museum,  lent 
me  his  valuable  assistance. 

The  oliject  kept  in  view,  io  devising  experimoitaof  SO  long  a  duration;  ua^ 
lo  aubjeet  the  gi  eatest  possible  variety  of  materkk  to  the  graatest  poasibte 
variety  of  conditions,  such  as  it  might  be  presumed  had  formed,  or  alteiedt 
rocks,  minerals,  and  mineraliied  organic  remains. 

These  were  nrrangfd  in  nijmerous  crucibles,  upright  and  inverted,  and 
within  two  strong  tripartite  b<>xes  of  dual  bound  with  iron  thongs  ;  one 
of  these  was  stored  with  large  blocks  and  copious  powders  oi  grauitc,  ba:3a.lL, 
limestone,  grit,  and  shale^  with  whole  and  pounded  minerab  of  every  kind, 
hydrates  and  anhydrates,  the  ingredients  of  a  great  variety  of  minerals  com- 
pounded in  proper  proportions,  all  the  different  salts  and  elements  calculated 
to  react  upon  them,  with  almost  every  metal  adapted  to  form  veins  or  to  re- 
gister heat ;  tiie  other  contained  organic  substances,  fossil  and  recent  phmts, 
sbelb, corals,  reptiles,  and  bones, disposed  in  clay,  saiid, chalk,  marble,  gyp»um, 
floor,  sulphatea,  muriates  and  other  salts  of  soda  and  potash  which  might  dis- 
engage volatile  elements  by  their  mutual  action,  to  react  on  fixed  constituente* 

At  the  Elsicar  furnace  I  was  allowed,  whilst  it  was  being  built,  to  insert 
crucibles  in  the  back  of  the  masonrv  in  immediate  contiijnitv  witli  the  boilv 
of  melted  iron.  At  Low  Moor  it  was  agreed  to  place  boxes  tiiled  with  cnici- 
bles  and  materials  under  the  bottom  stone,  before  the  furnace  was  built. 
Thia  stone»  consisting  of  millstone  grit,  15  inchse  thick,  though  it  gradually 
wears  hollow  in  the  centre,  retains  the  iron  fosed  upon  it  usually  for  fourteen 
or  fifteen  years,  without  being  materially  impaired.  In  its  crevices  are  often 
found  the  bcautifid  cubic  crystals  of  nitrocyanide  of  titanium,  first  brought 
into  notice  by  Dr.  Uuckiand. 

In  this  situation  the  temperature  to  which  the  contents  of  the  boxes  would 
be  exposed  could  not  be  exactly  foreseen.  It  was  presumed  that  in  the  centre 
it  would  be  near  to  the  melting-point  of  cast  iron.  It  will  be  seen  by  refer- 
ence to  Plates  IV.  and  V.,  which  give  a  section  and  jilan  of  the  furnace,  that 
the  boxes  did  not  occupy  the  whole  space  beneath  tlie  bottom  stone.  It  oc- 
curred to  me  thcreiore,  when  these  had  been  placed  in  position  on  a  bed  of 
sand,  coveied  with  the  same  material,  and  built  up  with  fire  brick,  to  deposit 
round  them  in  a  similar  bed  of  sand,  and  enclose  in  like  manner  within  walls 
of  brick,  lumps  of  various  metals^  and  of  granite,  sandstone,  fossiliferous 
ghivlL ,  oTid  limestone.  From  these  supplemcnfnry  experiments  are  derived 
the  niot»t  interesting  of  the  results  which  I  have  to  il<  •scribe. 

For  when  at  the  expiration  of  fifteen  years  the  iuruacc  was  blown  out,  I 
found  nothing  left  of  the  boxes  but  the  iron  straps  with  which  they  were 
bound,  in  a  state  of  oxidation ;  a  few  crucibles  and  portions  of  crucibles  only 
had  survived  the  general  wreck  of  their  contents ;  granites,  basalts,  limestone, 
choice  minerals,  measured  jjiece?,  weighed  powders  and  compositions,  had 
disappeared  ;  all  the  exactm  s??  with  which  Professor  PiuUips  had  arranged  for 
identifying  the  altered  substances  by  their  position  and  by  comparison  with 
reserved  specimens,  was  lost  1abonr« 

Nor  did  I  find  the  deposits  in  the  Elsicar  furnace,  at  the  end  of  five  yean, 
to  have  fared  any  better.  From  all  these  carefully  devised  exp^mente  I  can 
produce  but  two  worthy  of  notice.  One  of  them  exhibit*;  the  fonN  crsion  of 
river  sand  into  sandstone,  with  a  vacuity  in  its  axis  kft  hy  liic  volatilization 
of  a  recent  plant.    The  stuue  has  considerable  tenacity,  and  came  out  ot  the 
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crucible,  with  no  adhesion  to  its  sides,  a  perfect  cast;  no  salt  had  been  added 
to  it,  nor  is  any  separable  from  it  by  boiling.  The  close  cohesion  of  the 
grains  oi  sand  by  the  action  of  heat  may  have  been  facilitated  by  the  intor- 
mixture  uf  some  impurities,  referable  to  oxide  of  iron,  and  possibly  to  felspar. 
The  only  ▼eitige  of  the  plaot  is  a  ikin  of  tiliea  on  the  rarfaee  of  the  plaeo 
which  it  occupied  in  the  toterior  of  the  sand*  coating  the  vacancf,  but  not 
fornishing  an  impression  from  which  the  character  of  the  plant  can  be  re- 


The  other  ipecimen  it  a  timnsloeeot  mtnenl  of  a  pnie  hbie  odour.  Tbit 

colour  it  does  not  lose  when  heated  red-hot  in  the  outer  flame  of  a  car.dle* 
Melted  into  a  bead  with  carbonate  of  soda,  it  passes  into  a  pure  opake  white; 
the  ^ame  also  with  a  small  firf);>orfion  of  borax ;  when  the  proportion  of  the 
borax  is  increased,  the  bead  is  transparent  and  colourless ;  dissolved  in 
hydrochloric  acid,  the  mineral  lotes  its  colour.  The  solution  contains  much 
sulphate  of  limct  and  some  silica  and  alumina,  whether  potash  also»  or  sodai  I 
have  not  determined ;  tested  with  prussiaie  of  potash,  it  shows  no  trace  of 
copper,  and  none,  or  scarcely  any,  r»r  iron.  This  substance  tliercforc  belongs 
to  tiic  elass  of  minerals  of  which  Lapis  lazuli  and  Haliyne  are  varieties.  It  has 
been  formed  irregularly  under  a  thiu  crust  of  sand  to  which  it  adiieres,  is  imr 
bedded  in  sulphate,  sulphide,  and  carbonate  of  lime,  and  accompanied  with 
crystallised  fluoride  of  lime.  Whether  this  fluoride  Is  a  recompositionf  or 
pa^  outy  of  the  orl^nal  mixture  from  which  the  blue  mineral  hss  bieon 
derived,  I  cannot  say.  The  crucible  certnlnly  cnntninod  poimHcd  Huor,  and 
a  sulphate,  which  underwent  decomposition,  and  partially  decomposed  the 
fluoric  crystals. 

But  the  objects  to  which  I  have  allnded  as  possessing  a  new  and  unexpeeled 
interest,  are  the  metals  above  mentioned  as  having  been  supplemeotarily 
^ac»d,  outside  the  boxes,  under  the  bottom  stone  of  the  I^w  Moor  ftunaee* 

The  specimen**  consisted,  originally,  of  pieces,  of  which  chromographic  plates 
have  been  upix  nded  to  this  !{e|)ort,  cut  from  a  bar  ol'  zinc,  a  bloek  of  tin, 
a  pig  of  lead,  and  a  plate  of  tik-coj^jter.  They  occupied,  severally,  the  places 
maned  in  the  aecompanying  ground  plan  of  the  furnace,  1,  2,  S,  4,  as 
numbered  at  the  time  of  the  deposit.  It  will  be  seen  that  none  of  these 
pieces  have  undei^one  fusion,  that  of  which  the  melting-point  is  lowest  (the 
block  tin)  preserviTit:  perfectly  its  dimensions,  the  exact  shape  into  which  it 
was  cut,  ami  the  siiarp  edges  of  the  eiittioj:.  The  external  coat  of  the 
tin,  to  the  depth  of  from  ^Ui  to  ^th  of  au  inch,  is  converted  into  deutoxide, 
crystalline,  tfsnsparent,  and  of  the  same  speciflo  gravity  as  the  native  ore; 
between  this  and  the  metal,  intervenes  in  some  parts  a  space,  which,  with 
the  striation  of  the  metallic  surface,  indicates  that  a  portion  of  the  substance 
has  been  dissipated. 

Of  the  har-zinc,  more  than  half  has  been  changed,  thoiigh  it  preserves  ils 
original  form,  into  a  mass  of  crystalline  oxide,  interspersed  with  globules  of 
the  metal,  burrowed  in  all  directions  with  dnuy  cells  and  cavities,  and 
showing  extensive  sublimation  into  the  indurated  sand  which  envelopes  it. 
The  nature  of  the  sublimation  is  manifested  by  a  number  of  prismatic  spicula 

nwiallic  zinc,  about  irth  of  an  inch  long,  standing  within  tlio  cavities. 

But  that  which  i:»  chietiy  remarkable  is  the  tile-copper^  in  respect  both  to 
the  temperature  at  which  it  has  been  volatilized,  and  the  combination  and 
interpenetration  which  its  molecules,  in  a  volatile  state,  have  effbcted  with  ita 
nearest  neighbour,  the  lead,  I  have  caused  a  drawing  to  be  made  of  these 
specimens  in  their  relative  positions,  as  they  lay  in  proximity  tO,  but  not 
touching,  each  other,  having  a  portion  of  sand  interposed. 
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It  will  be  men  that  a  very  considerable  portion  of  the  copper  plate  has 
been  diMipated,  that  the  surfaee  has  been  sweated  down,  and  in  aome  parts 
the  whole  iabataoee  has  evaporated  ay.  Bright  cryatals  of  red  ozi&  of 
copper  line  the  wasted  surface,  which  is  also  covered  abo?e  with  a  coat, 
■Jth  of  an  inch  thick,  of  mixod  crystalline  oxidos  of  copper  atid  lend  ;  and 
in  the  hollow  which  tiie  dissipation  of  the  metal  has  left  between  it  and  the 
indurated  sand,  is  a  sublimate  consisting  of  fine  twiyte d  coherent  threads  of 
metallio  eopper,  like  thoae  met  with  in  mines  and  slags.  Where  nearest  to 
the  leadi  it  has  so  intermized  its  exhalations  with  thoee  proceeding  from 
that  metal  as  to  hare  spread  over  the  upper  leaden  surface  a  coating  of  green 
crystal?,  eonsisting  of  a  double  oxide  of  copper  and  lead.  Reneath,  and  round 
the  lead,  at  its  contact  with  the  sand  (which  below  has  penetrated  its  sub- 
stance without  altt-ring  its  form),  runs  a  pink  fkin,  marking  the  path  of  the 
ted  oxide  of  copper*  I  cot  the  lomp  of  lead  in  half,  and  found  it  not  onlv 
traversed  in  the  middle  by  a  seam  of  mixed  oxide,  but,  what  was  still  moro 
remarkable,  dotted  with  spots  of  metallic  copper,  which  had  found  their  way 
to  the  very  centre  of  the  mass,  and  even  reached  the  opposite  side. 

That  it  was  the  mcial  in  this  case,  as  in  that  of  the  zinc,  which  became 
Tolatiie,  and  was  subsequentlv  deposited  in  the  form  of  tipccks  and  iiiaments 
of  copper  in  some  places,  and  combining  with  oxygen,  as  a  cryslaltized  oxide 
in  otbefSi  cannot  be  doubted.  To  attribute  these  effects  to  ikermai  ekdrieii^ 
would  not  be  consistent  with  the  facts  ;  for  there  was  here  no  contact,  and  no 
circuit.  The  penetration  of  the  lend  by  the  molecules  of  copper  niay  be 
called  CemenUition,  and  be  supposed  lo  be  due  to  capillary  attraction  of  pores 
distended  by  heat  acting  on  the  Yolatilc  particles. 

But  the  surprisiDg  part  of  the  result  is*  that  the  sublimation  of  copper  by 
beat  should  have  taken  place  at  so  hnc  a  temperature.  These  four  metals,  in 
close  proximity,  and  all  acted  upon  in  il  r  snnin  marner,  were  their  own 
mutual  thermometers.  It  was  impossible  that  the  heat  to  which  the  copper 
plate,  a-i  a  whole,  had  been  8ul:>ject  could  have  been  higher  than  the  melting- 
point  of  the  unfused  lead  and  tin,  I  can  attribute  this  unexpected  fact  to 
no  other  cause  than  the  continual  and  protracted  passage  of  hot  currents  of 
air  and  vapour,  mingled  perhaps  with  carbonaceous  gas  from  the  neigh- 
bouring wooden  boxes*;  and  it  sermp  probable  that  if  the  central  portion 
of  the  bottom  stone  had  withi^tood  to  the  end  the  ncfinn  of  the  furnace,  or 
if  the  buried  boxes  had  been  protected  with  a  vault  ol  brick,  more  light 
might  have  been  thrown  on  the  transfer  of  molecules  at  moderate  tempera- 
tures by  similar  effects  produced  on  other  materials. 

I  owe  an  apology  for  having  delayed  this  Report  much  longer  than  I 
phould  have  done,  bad  the  bulk  of  the  cxprrimcnts  hrrn  MffendKl  \\\ih  better 
success.  I  have  been  reminded  of  them  by  the  (i(  <  L:n  of  a  member  of  the 
Association  to  institute  some  of  a  simdur  cliaracter  vwtli  the  added  conditions 
of  pressure  and  steam.  Whoever  should  now  undertake  such  experiments 
would  conduct  them  on  the  vantage  ground  of  the  later  researches  which  I 
have  here  notioedt  and  might  obtain  results  of  high  interest  to  geological  and 
chemical  science.  It  may  be  doubttd  wlietlier  beat  }irotracted  tlirough  many 
years,  or  even  extraordinary  pressure,  may  be  e-^'-f  ntial  elemi  nts  of  such 
results.  The  unintermiiied  presence  of  volatile  materials,  for  a  considerable 
timCf  passing  over  and  dwelling  among  those  of  greater  fixity  at  temperatures 
mounting  up  to  a  red  heat,  may  be  the  only  nealful  condition ;  and  if  a  fur* 

*  If  I  am  right  in  believing  that  an  oolitic  Eehiniia,  Pcctcn,  aiui  Coral,  and  an  Ammonite 
from  the  Lias,  which  I  recovered  from  the  fiiniace,  are  those  marked  in  the  Plan  with  the 
"Hoi.  8,  9,  10,  then,  as  these  were  reduced  to  alkalinity,  though  without  change  of  form  or 
markings,  it  would  follow  that  the  carhouic  acid  under  the  banie  circumstances  separates 
fnm  line  at  sa  equaUjr  low  tempciatws  of  the  autM,  under  tlie  partial  action  of  hot  cnireati. 
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nace  were  appropriated  to  this  object,  it  U  not  dlfficnk  to  conceive  a  COQ- 
•traction  and  application  of  it  which  would  fultil  sucli  a  requirement. 

If  any  one  could  succeed  in  effecting  the  synlhetiis  of  pseudomorphic 
crystals,  or  of  granges  and  porphyries,  he  would  Ottrtainly  perform  a  great 
service  to  chemieal  geology.  In  the  first  of  these  suhjeots  of  experiment 
success  is  scarcely  to  be  looked  for,  except  in  the  metamorphic  action  of 
heated  volatile  agents.  It  is  possible  that  j^nuiite  nlsn,  nnd  porpliyry,  might 
be  forniwl  by  a  process  of  volatilization  ;  or  they  might  perhaps  be  produced 
as  a  residual  igneous  crytitallization  out  of  a  mass,  of  which  the  flux  bad  been 
removed  from  the  denser  substances  by  sublimation,  solution,  or  pressure. 

It  should  appear  that  the  production  ofnuaifU  is  also  a  problem  ttUI  un* 
determined.  Rose  has  expressed  an  opinion,  founded  on  his  own  ex- 
periments, that  the  solid  substance  whicli  Sir  J.  Hall  obtained,  by  igniting 
chalk  under  a  pressure  that  prevented  the  extrication  of  the  carbonic  gas, 
cannot  have  been  marble.  Possibly  the  presence  ofan  excess  of  the  acid 
Qiay  be  an  additional  requi:>ite  to  the  production  of  a  perfect  specimen. 

Since  this  Report  was  drawn  up»  I  have  seen  a  memoir  by  M.  Daubrfie* 
which  contains  a  very  able  and  complete  exposition  of  the  progress  of 
geological  chemistry.  His  observations  on  the  deposit  of  zeolitic  crystals 
and  other  niitiera!s  discovered  in  the  interstices  of  the  old  Roman  brick- 
work and  concrete  at  Plombieres'f,  which  have  undergone  the  action  of  sili- 
cated  waters  springing  from  the  earth  at  a  temperature  not,  now  at  least, 
exceeding  158P  F.,  seem  to  have  stdved  the  problem  of  the  deposit  of  sools 
crystak  and  minerals  in  the  vesicles  of  basaltic  iocks»  and  to  have  proved 
them  to  be  due  to  aqueous  infiltration  whilst  the  rock  was  still  hot. 

TTi'j  views  on  the  fonitation  of  another  class  of  minerals,  and  the  origin  of 
the  granitic  and  other  early  rocks,  seem  to  be  not  equally  satisfactorv.  To 
these  he  has  been  led  by  his  own  late  experiments  on  the  effect  of  aqueous 
vapour  in  decomposing  obsidian  and  glass.  He  propounds^  with  the  diffidence, 
however,  which  belongs  to  a  hypothetical  speculation,  a  theory  to  the 
following  effect — that  in  a  primaeval  state  of  the  earth»  when  the  heat  now 
known  to  exist  in  its  interior  extended  to  the  surface,  as  that  surface  cooled 
down  to  a  certain  ])oint,  the  red-hot  ohsifiian,  or  silicated  glass,  of  its  first 
coat  was  deconi|>o,sed  by  water  condensed  ironi  a  state  of  vapour,  under 
great  pressure,  at  a  red  heat;  thus  the  quartziferous  rocks  were  formed,  at 
Srst  as  a  plastic  sponge,  and  when  the  water  had  evaporated  as  granite,  the 
■chist  and  slates  immediately  superincumbent  upon  it  being  the  residuary 
product  of  the  moMer- waters. 

But  this  speculation  is  open  to  grave  objections.  What  principle  of 
solidification,  it  may  be  asked,  capable  of  compacting  granite,  la  incUuled 
in  a  process  of  disinleyraiion  ?  What  has  become  of  the  silicates  involved 
in  it,  to  which  we  might  look  for  such  solidificatiui,  but  which  are  absent 
from  granite?  The  inolftsr-waters  which  it  supposes  are  incapable  of  dlf> 
fusing  the  peculiar  minerals  encysted  in  the  proximity  of  granitic  rocks 
even  to  the  distance  of  tliousands  of  feet.  No  less  unacconntahlp  would  be 
the  absence  of  all  the  zeolitic  and  opaline  substances  that  might  have  been 
expected.  Everything  tends  to  show  that  whatever  the  power  of  this  process 
may  l>e,  it  must  bo  confined,  at  least,  to  the  lavas,  basalts,  and  trachytes. 

That  heated  water  has  been  so  univenal  a  solvent  as  M.  Daubr^  supposes, 
is  renders  i1  \  ery  improbable  by  a  circumstance  noticed  by  Cagniard  de 
Latour  in  his  celebrated  experiments  on  vapour  highly  heated  and  com- 

*  Etadcs    exp^riCBOes  syntl»<tiqii«s  rar  le  fla^tsnorphiniisetsiirlaliaraistiondes  roehss 

crysUUioes,  ISuU. 

t  The  presence  of  fluorine  in  tbe  spophylllte  of  Plombikei  is  rensrksblSy  the  mora  be* 

cause  Vaiiqiielin  analysed  the  waters  with  ttlS  eipfSIS  olljeet  of  dctcetisg  thiS  COnstitlWBt» 
•ad  denied  its  luppoMd  existeace  in  them* 
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pressed.  Id  one  of  these,  the  addition  of  a  crystal  or  two  of  chlorate  of 
potash  to  water  at  the  temperature  of  64^8°  F.,  proved  sufficient  to  prevent 
any  action  of  the  a(|ueous  vapour  on  tlie  glass ;  so  easily  was  it  saturated  by 
the  presence  of  a  more  soluble  mattTia.1. 

Neither  is  it  at  all  probable  that  any  stratum  which  eon  be  supposed  to  have 
preceded  granite  under  extraordinary  oondtttons  of  heat  and  pressure,  can 
have  resembled  in  any  degree  obsidian  or  glass.  M.  Daubree  takes  the 
vapour  rxpr\n?!o?i  of  the  ocean  over  the  globe  as  equ!VF\1ent  to  a  pres«?urc 
of  '250  atmospheres,  somewhat  cxcf  dinf^  Mitscherlich'sj  supposition  before 
quoted.  On  this  pressure  Mitscheriicii,  as  has  been  said,  sagaciously  re- 
marked, that  it  urouU  probably  materially  modify  the  chemical  t^^mHew 
tii  bodies,  and  prevent  the  formation  of  nUeaie  of  Ume,  His  antieipation  has 
been  experimentally  verified;  and  an  equally  remarkable  instance  of  the 
same  principle  has  been  lately  observed  by  Mr.  Gore,  who  has  found,  on 
immersing  some  fifty  substances  in  carltomc  arid  liqucjied  by  pressure,  tliat 
in  that  state  it  is  chemically  inert,  to  such  a  degree  as  not  to  dissolve  oxygen 
telts.  In  these  cases  it  should  seem  that  pressure  feTOurs  hamogenmmM,  or 
dn^,  at  the  expense  of  Asigfcywisoitt,  or  eamplexy  attractions ;  and  there  is 
all  the  less  reason  for  admitting  M.  DaubT&*s  supposition,  that  obsidian, 
or  any  vifreofis  silicates,  preceded  the  granitic  rocks. 

We  may  carry  these  ideas  further  ;  we  nmy  extend  our  speculations  from 
the  heat  and  weight  of  a  vaporize*  1  sea  to  the  gaseous  system  of  Laplace,  and 
the  ultimate  atoms  of  Newton.  Then,  as  the  heat  by  degrees  radiated  into 
space,  and  as  the  repulsive  force  yielded  to  the  forces  of  attraction,  the 
first  compounds  would  be  of  the  sifKfdui  ordSBr»-<^water,  and  hydrochloric 
acid, — the  chlorides  of  potassium,  sodium,  silicon,  and  aluminium,  the  oxides 
of  tnatrnf  3inTii  and  calcium,  with  others  of  a  like  class.  Here  we  have  both 
the  materials  of  the  sea,  and  of  the  primary  crust  of  the  earti) ;  and  at  the 
same  time  all  the  power  of  consolidation  which  free  ciyatalline  force  and 
enormous  pressure  can  give  to  materiab  indisposed  by  that  pressuie  to  enter 
into  coflnplicated  combination. 

In  contemplating  the  origin  of  granite,  it  is  not,  however,  competent  to 
ws  to  reirard  it  as  a  fundamental  rock  only,  since  it  preserves  the  same 
dryslalime  character  under  various  conditions  of  heat  and  f k  ssure.  But 
we  must  remember  that  the  gaseous  theory  which  we  are  imagiuiug  implies 
a  residue,  in  an  intemai  gtuometgr,  of  similar  primary  compounds  confined 
in  a  highly  heated,  condensed,  and  elastic  state  at  no  great  distance  under 
our  feet,  from  the  sudden  or  gradual  evolution  of  which  it  is  not  difficult 
to  conceive  that  nil  the  eruptive  rocks  ant^  veins,  and  nnwy  of  the  pheno- 
mena of  consftlid  ition  in  the  sedimentary  strata,  may  be  accounted  for. 

Every  rock  of  eruption,  and  every  mineral  vein,  which  has  shot  up  into  the 
strata,  itfdieatet  such  an  origin.  The  porphyries,  trachytes,  basalts,  and  lavas 
are  essentially  ekemieai  and  erfftlaUme  compounds.  They  differ  from  the  quart- 
^ferous  rocks  only  in  this,  that  the  chief  part  of  the  siliceous  ingredients  which 
characterize  the  latter  having  been  antecedently  used  up,  the  greater  fusi- 
bility of  the  formrr  hni^  more  or  less  obliternted  their  crvstnlline  ^trnrture. 

In  these  speculations  it  matters  not  from  w  hat  source  we  suppose*  the 
heat  of  the  earth  to  have  been  derived.  Perhaps,  a  law  of  gravity,  together 
with  the  other  forces  of  attraction,  imposed  on  the  ultimate  partides  of 
matter,  nsay  account  for  all  the  heat  which  is,  or  has  been  in  the  world.  In 
any  case,  the  most  probable  inductive  conclusion  from  our  knowlcdr^  of 
the  earth's  heat,  and  the  phenomena  of  «'ruption,  with  the  light  thrown  on 
the  production  of  minerals  by  Daubret;  s  //Vs/  series  of  experiments,  and 
those  of  Durocher,  appears  to  be,  that  mineral  veins  and  eruptive  rocks 
are  the  result  of  gaietm  oom^tnolioju  and  naeUonB*  As  regards  miaenJ 
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veins,  this,  I  bcllcvo,  is  the  opinion  of  most  observers.  But  vre  see  the  same 
mt'tamorphic  effects  which  are  produced  by  Mrw,  f  qnally  prodnrpf!  by  tlie 
presence  of  any  eruptive  rock.  If  a  stratum  ot  ilmesione  be  invaded,  and  a 
portion  of  H  iodnded  in  the  invading  substance,  tliat  portion  ii  not  nofire* 
quently  impregnated  witli  magoeeia  and  converted  into  dolomite^  equally  by 
a  mineral  vein  or  a  granitic  rock. 

The  advantages  which  this  thporv  possesses  over  any  tlint  hnvo  vrt  pre- 
sented themselves,  are  that  it  accounts  for  all  iho  following  jihenomena : — 

1.  The  characteristic  4'/rtici(ure«  of  granite,  and  of  gneiss  and  mica-slate, — 
wliicli  may  be  compared  to  tlie  deposits  of  graphite  in  gai-retorts,  mUd 
wliere  tlie  carburetted  gas  aggregates  its  decomposed  molecules  of  carbon  ill 
confinement,  but  foliated  and  quasi-stratij^ed,  where  the  gas  chances  to  escape 
through  cracks  in  thf  retort  into  tho  more  open  chamber  of  brick-work ; — 

2.  Tfii-  ])erfeft  umJontiUi/  of  crystalline  lexturc  in  tjranitc,  whether  deep  or 
superhciui,  lu  ihin  veins  or  solid  masses,  showing  tiiut  neither  great  pressure 
nor  slow  cooliu^  liave  i)cen  essential  conditions  of  its  crystalliiation  ; — 

•  S.  The  wide  di^ffmUm  cf  zones  or  atmosf^keru  round  the  eruptive,  and 
especially  the  granitic  rocks,  of  mineral  substances,  and  metamorphic  effects^ 
a  plionomenon  which,  together  with  that  of  the  filling  up  of  mineral  veins 
from  below,  is  not  accounted  tor  by  any  otiier  theory; — 

The  metalliferous  and  ^uartziferous  impregnations  of  tlie  sedimentary 
strata. 

If,  with  Cordier,  we  divide  the  eruptive  rocks  into  the  guartgtue  (which 

correspond  to  the  granites  and  earliest  porphyries) ;  and  the  nnquartzoset 
comprehending  the  feispathic  (which  corrp«]>ofid  to  the  later  porphyries  and 
trachytes);  witii  the pyroxenic  (which  cont;>pond  to  the  basalts  and  lavas); 
and  ii'  we  consider  all  these  as  originating  from  gaseSf  accompanied  by 
a^^^&nu  sajpotiTy— then  the  phenomena  show  the  amount  of  such  vapour 
present  in  the  qumrtzose  formations  to  have  been  almost  iufinitesimaly 
whilst  that  which  attended  some  parts  of  the  pyroxenic  formations  was  con- 
siderable. As  regards  t!ie  scdinimfffri/  siliciferous  rocks,  they  show,  in  the 
stniioiHtliney  seiniquarlzose  compOJ^iiion  of  the  siliceous  beds,  the  action  of 
anhydrous  gas,  aided  by  aqueous  vapour.  Aqueous  vapour  acts  on  silicates 
only  at  a  hmt  approaching  redness,  and  conveys  no  silica.  Chloride  of  silicon 
would  carry  silica,  and  would  diifuse  it  at  a  much  lower  heat,  since  it  boils 
at  a  temperature  below  1 1-0°  F. 

Connected  with  the  preceding  speculations  the  following  remarks  may 
deserve  attention.  There  is  a  singular  resemblance  ot  mineral  and  crystal- 
line constitution  between  the  pyroxenic  rocks  and  meteoric  stones, — a  re- 
semblance* in  fact,  so  dose  as  to  indicate  a  simUar  mode  of  production  out 
of  the  same  materials.  The  late  optico-cheraical  discoveries  of  Bunsen  and 
KirchhofT  have  shown,  with  a  great  degree  of  probability,  that  molecules  of 
fVow,  TiicAe/,  and  tunnitpsium  abound  in  the  solar  atmosphere;  should  the 
progress  of  those  discoveries  add  silicon  to  this  list,  we  have  here  again  the 
chief  materials,  both  of  meteorolites  and  of  pyroxenic  rocks.  In  any  case, 
whether  we  suppose  the  meteorite  to  have  been  contemporaneous  with  the 
earth,  or  to  be  ejected  from  the  moon,  or  emitted  from  the  sun,  our  thoughts 
are  led  back  to  a  time  when  the  whole  solar  system  consisted  of  the  same 
ultimate  atom nil d  are  confirmed  in  the  opinion  that  the  meteorites  and  the 
fundamental  rock^^  uf  the  earth  have  undergone  similar  processes  of  mole- 
cular and  crystalline  combination,  the  vitreous  coat  of  the  meteorite,  and  the 
viireons  character  of  the  later  lavas,  being  due  also  to  the  same  causes : — 
1st,  to  the  fusibility  of  the  material ;  2ndly,  toamore  intense  heat  generated 
by  n  nearer  proximity  to  an  oxidating  atmosphere;  Srdly»  to  a  more  rapid 
rate  of  cooling. 
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What  our  view«,  however,  of  the  original  coustilution  of  matter  may  he. 
If  a  point  of  let*  coiiieqaence  than  wbst  are  the  condaatoni  io  geology  to 
which  we  are  oondoeted  by  oWrvation  and  experiment.  The  general  ooa* 
elusions  to  be  drawn  from  the  foregoing  researches  seem  to  be  these 
That  no  theory  of  the  earth  consists  with  the  phenomenrx,  which  does  not 
take  into  account  a  heat  of  the  surf  ice  once  amounting  to  rednPs-*s; — that 
the  most  prominent  chemical  oud  crystalliuc  compounds  whicli  laid  the  base« 
meut  of  the  earth's  crust,  and  continued  to  penetrate  it,  as  far  as  into  the 
tertiary  strata,  have  disappeared  in  tlie  pretmU  eruptive  system ; — tbat  the 
nature,  force,  and  progress  of  the  past  conditions  of  the  earth  cannot  be 
measured  by  its  existing  condition^'  ; — that  to  d<'d'ipp  accurate  Inferences  in 
the  sciences'  of  observation,  the  atietiiiuu  rrquirrs  lo  be  directed  less  to  gene- 
ral atiaitM/ies  than  to  specitic  and  eai»eatiai  disUuciions, 

EXPLANATION  OF  PLATES. 
PLATES  IV.  te  V. 

Section,  and  Plan,  of  the  furnace  in  which  the  deposits  lay  for  15  year%  tlie  number 
of  each  deposit  external  to  the  boxes,  being  marked  on  the  plan. 

PLATE  VI. 

Fig.  1  (Plan  No.  4).  Tile  copper  5  in.  X  2]  in.  X  I  in.  coated  with  laminae  of  dark, 
red,  crystallized  oxide  of  copper,  alternating  with  white  and  yellow  crystallized  prot- 
oxide of  lead,  and  with  a  pink  intermixture  of  crystallised  oxides  of  copper  and  lead 
tiovered  with  sand  indurated,  but  not  vitrified,  fay  protoxide  of  lead. 

a.  Twisted  filaments  of  metallic  copper.  b.  Crystah  nf  red  oxide. 

bb.  Laminse  of  crystallized  red  oxide  of  copper  alternating  with  protoxide  of 

lead,  and  mixture  of  oxides  of  lead  and  copper, 
c  Particles  of  metallic  copper.  cc.  Golden  metalline  spot. 

y\g.  2  (Plan  Xo.  Pip,  lead,  1J  in.xS^  in.x2]  in.  View  of  upper  surface,  show* 
ing  green  and  yciiow  double  oxides  of  lead  and  copper,  witii  spots  of  metaliic  copper, 

d.  Cavity  from  which  lead  has  sublimed* 

e.  Spots  of  metallic  copper. 

/.  Double  oxides  of  ieaa  and  copper. 

PLATE  VII. 

Fi!^.  fPhn  No  n).  Pig  lead,  vertical  section,  vliowing  exterior  and  interi<M' 
seams  ul  mixed  oxides  of  lead  and  copper,  greeu,  yellow,  and  red,  witli  spots  of  me- 
tallic copper. 

ff.  Red  oxide  of  copper  between  lead  and  indurated  sand, 

h.  Spots  of  metallic  copper  in  the  interior  of  the  lend. 

i.  Oxide  of  copper  and  lead.         kk.  Lead  Imrdencd  by  disseminated  oxide. 
Pig.  4  ( Plan  No.  4).  Enlatged  seetion  of  part  of  fig.  1 ,  showing  threads  of  metallie 

copper. 

Fif.  5  (Plan  No.  1).  Part  of  fig.  1  ;  enlarged  view  of  pink  mixture  of  Oiystaliised 
oxides  of  copper  and  lead,  with  spots  and  threada  ui  metallic  copper. 

PLATE  VIU. 

Fig.  6  (Plan  No.  2),  Block  tin,  3  in.  X  2  i».  x  1  in.,  with  a  coat  of  transparent  cry- 
stallized deittoxide  from  ^  in.  to  i  inch  thick. 

/.  Strialed  siu  face  of  metul  beneath  oxide, 
m.  Crystals  of  deuloxide,  transpnrent  and  colourless. 
Fig.  7  (Plan  No.  1).    Zinc  bar,  in  indurated  sand,  fractured,  showing  a  surface 
partly  metallie,  partly  crystalline. 

«.  Sjnc\il:c  of  sublimed  metal.  o.  Seam  of  metal. 

Fig.  8  (Plan  No.  1),    Showing  cavernous  face  of  oxide  of  zinc  with  crystals  of  do. 
p.  Cupped  hollows  set  with  crystals  of  oxide  of  zinc,  out  of  which  globules  of 
metal  have  sublimed. 
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The  mdud'  bvn.  twts  up^n  Ike  ^ifttfim  Stmr  in  6u  space  Zfeet  4  mdut  in  Ae  Sectun 
and  the  hloft  u  introdttetd  at  At  small  CtYde  in  JK      The  Viquw  iivnt  /  to  29  Vm 
the  Orflimd  Ifan  representee  order  and  situation  cfthe  Deposits  ma,W  m  tht  uwitv 
on  the  oiitsidf  of  ihe  Boars,  The  hlaek  hnes  in,  Ott  cmtre  of  dif  Crronttd  Flan  refrre- 
sent  the  tleo  BoJtes  whose  tvto  sides  meet  eixaetlv  in  the  rrnn-f  m'  thg  Furnace. 
Thr  Ifttfrs  r,.R. B.C.I),  a/iree  with  tiiose  marked  on  tlir  Jio.crs. 

I/^L  line  har.  *i  P.  (oral  in  Coral  Raa.  U.lowUoorF^Jnnv. 

Blflck  Tin  I'r'  tfii  in  Malton  Otdite.      18.  Septariujav. 

.1  h,' f.r-.i.i    I    /./-//M  II.  it'iitt  reeeni  .  L^.  ilutfstoiu . 

'/   /■.//  I'.'Ci'fr       "  tZ  (li.ilk  .  CO.l'ft  .iiiili^ 

•>.  lU  .''htiif  iiiVii  iUiiikln'nsU'iu.D.       iiJy^S,  2l..inunx>iuU  in  l.ias . 

.  Btaek  Baa  Ironstone.         M.  Whaio  Vertehrm .  £L Masait . 

7.  /et.  l^BtiuLinusti/ne  witit  S/uOs.  Zi.Granit»  York.  StrteU. 

8.  Edam*  in  Malton  t  Wife .   JS,  Ib^ntsian  Lbtustatu . 


l^outiei  Fl<m  of  Ihe  htrfuiec . 
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Seamd  Report  qftke  CommUiee  on  8Uam*»hip  Perfommice. 

covnim.  *  • 

Report. 

Appendix  No.  I. — Table  1.  Table  ibowiDg  the  results  of  perforaumoot  At  lea  and  on* 
the  meaaured  mile,  of  17  Tetteb  of  the  Moyal  Navy,  of  22  tmuJi  in  the  Ifordunit 
Serrice,  aod  of  two  f«Meb  of  the  United  Sbtfce  NirVjr,  together  with  the  pwtionlew 

of  their  macliinery. 

Table  2.  lU^tuni  of  the  result*  of  performances  of  49  v«^8ela  in  the  eerrioe  of  the 
Mc^5ngfTic8  Inip<^riales  of  France  during  the  year  1858. 
Apprridix  No.  II. — Table  1.  Quarterly  returns  of  the  speed  and  consumption  of  ooal 
of  the  London  and  North-Western  Company's  express  and  cargo  boats,  under 
Y^^ted  conditioDe  of  tuneb  preBfun^  and  eaqMuieton ;  from  Janiuuy  1  to  I>e* 
cember  31.  IBT)*). 

Table  %  Half-yearly  yerifications  of  conaomption  of  ooal  of  the  abore  Teasels, 

ftam  January  1  to  December  31, 1850. 
Ap}x?nclix  No.  TIT.— No.  1.  Form  of  Log-lxxjV  used  by  tlie  Eoyal  Mail  Compiiqr» 
No.  2.  Form  of  Log-book  used  by  the  Fadfic  Steam  NaTiffiktioa  Company. 
No.  3.  Form  of  Ennnoer's  log  used  by  the  Ptaineiihir  and  Oiienlal  Company. 
No.  4.  The  Adminltgr  Form  ferieeowingttiefaial  perfiwiBBiMW  of  Her  jfijei^e 

9t«im-vcssels. 

No.  b.  Board  of  Trade  Form  of  Surveyor's  Eeturu  of  Capabilities. 
Appendix  No.  lY.— Table  1.  Showing  the  ratio  between  the  indjeated  horse-powvr 
and  tlio  grsic,  the  tube,  the  other  heating,  and  to'a!  licatinc:  <<urfaoee;  also,  between 
the  grate  and  boating  surfaces,  and  between  the  itidicat^^d  iiorae-power  and  the  ooal 
eoBfumed. 

Appendix  No.  T.  Letter  from  ^fr.  Ari^  b^l  l.  Fnnnccr-in-Chief,  Unittnl  SUtea  J^afy. 
iUanription  <^  the  huU,  engines,  and  boilers  of  the  United  States  Steam  Sloop 
'Wyomiii^. 

Table  1.  Return  of  performance  of  the  'Wyoming'  under  steam  alone. 
Table  2.  Return  of  performance  of  the  'Wyoming'  under  steam  and  s^  oo|abumd. 
Table  sbowiii^  the  trial  performances  of  the  steam-reaseUi  *Xlnia'  and  *  Bogota* 
when  fitted  with  tmgle  irflinder  engines,  and  after  being  refitted  with  double 
cv)iT>(lfr  enginesi.    Also  fb«^     perform  nnoos  of  the  samc  Tessels  under  both  these 
condiuous  of  machinery  uud  ou  Uio  same  aca  service. 


Report. 


At  the  Meeting  of  the  British  Association,  held  in  Aberdeea  in  Septemb^rt 
1859,  this  Committee  was  re-appointed  in  these  terms  :— 

That  tiie  foUowing  Members  be  requested  to  act  as  a  Committee  to  con- 
tinue the  inquiry  into  the  performance  of  steam-veaael^  to  embody  the  faete 
In  the  form  now  reported  to  the  AaaociatioQ>  and  to  report  proeeedipga  to 
the  next  meeting. 

"That  the  aftrntion  of  tlie Committee  be  also  directed  to  the  obtaining 
information  respecliiig  the  performance  of  vessels  under  sail,  with  a  view  to 
comparing  the  results  of  the  two  powers  of  wind  and  steam,  ia  order  to  their 
most  effective  and  economical  comMnatioo. 

'*Tbat  the  sum  of  £150  be  placed  at  the  disposal  of  the  Committee  for 
these  purposes." 

The  foUowing  gentlemen  were  nominated  to  serve  on  the  Committee;-^ 


Vice  Admiral  Moorsom. 
The  Marquis  of  Stafford,  M.P. 
The  Earl  of  Caithness* 
The  Lord  Dnfferin. 
Wiiliaui  i'airbairn,  F.Il.S. 
J.  Scott  Russell,  F.ttS. 
Admiral  Paris,  CD. 
I'he  Hon.  Capt.  Egertoo,  R.N. 
1860. 


William  Smith,  C.E. 
J.  E.  M*^ConncIl,  C.E. 
Ciiarles  Atherton,  C.E. 
Professor  llankine,  LL.D. 
J.  H.  Napier,  CMC. 
Richard  lioberU,  C.E. 
Henry  Wright,  ifox.  See, 


IM  BEPOBT— 1860* 

Your  Committee,  having  rc'clrctc d  Adntiral  Moorsou  to  be  their  Chair- 
maD,  beg  leave  to  present  the  following  Report; — 

They  have  held  monthly  meetings,  with  intermediate  meetings  of  sub- 
Committees  appointed  to  carry  out  in  detail  matters  referred  to  them  by  the 
Geikenl  Committee.  The  Connnittco  regret  that  they  were  deprived  of  the 
8cr\MCC<;  of  one  of  tlu'ir  mcmbors,  Mr.  Ci»arle.>  Atlu  rton,  at  an  early  stage  of 
the  present  inquiry,  liix  public  tlut:(  >  preventing  iiis  uttendinfj. 

They  have  been  assisted  by  Corresponding  Members ;  noblemen  and  geotle- 
men,  who,  not  being  members  of  your  Association,  were  not,  by  its  rules, 
eligible  as  members  of  your  Committee.  Some  of  them,  however,  being 
owners  of  steam  yachts,  and  others  intimately  acquainted  with  all  matters 
relating  to  stonm  --liipjiiiig,  their  cooperation  was  considered  very  eisential, 
as  introducing  to  tlic  Comniittee  gentlemen,  not  only  capable  of  dealing  with 
the  subjects  of  this  inquiry,  but  who  also  had  it  in  their  power  to  place  in 
the  hands  of  the  Committee,  materials,  which,  it  is  confidently  hoped,  will 
eventually  lead  to  a  correct  and  scientific  knowledge  of  the  laws  governing 
economic  jSteam^hip  Performance. 

The  Corresponding  Members  so  elected  were:^ 


Capt.  William  Moorsom,  R.N.  (since 

deconscd). 
Mr.  John  ICider. 
Mr.  David  Uowan. 
Mr.  J.  h.  Churchward. 
Mr.  Thomas  Steele. 


Lord  Clarence  Paget,  !M.P.»  C.B.y  dre. 
Lord  Alfred  Paget,  M.P. 
Lord  John  Hay,  M.P. 
The  Hon.  L.  Agar  Elli?,  IM.P. 
The  Earl  of  Gifford,  M.P. 
The  Marquis  of  Hartington,  M.P* 
Viscount  Hill. 

It  wUl  be  within  the  recollection  of  the  Association  that  the  labours  of  this 
Comniittee  last  year  were  almost  exclusively  devoted  to  explaining  to  the 

various  shipping  companies  and  others  with  whom  they  were  in  correspond- 
ence, the  objects  proposed,  and  sug^e^ting  mch  forms  as,  if  accurately  filled 
in,  would  accomplish  the  purposes  contemplated  by  the  British  Association. 
Log-books  were  prepared,  and  copies  furuL^hcd  to  the  leading  Steum  Packet 
Companies. 

At  their  first  meeting  the  Committee  took  into  consideration  the  manner 
in  which  the  grant  of  money  placed  at  their  disposal  by  the  Association  oould 
be  most  judiciously  applied,  and  after  mature  consideration  it  was  unani- 
mously resolved : — 

"That  to  procure  information  from  shipbuikicrs  and  engineer^),  it  is  found 
to  be  indispensable  to  hold  personal  intercourse  with  them,  without  which 
little  progress  is  likely  to  be  made.** 

The  Honorary  Seci-ctary  was  accordingly  deputed  to  wait  upon  the  prin- 
cipal Shipbuilder^  Engineer?,  and  Steam  Shipping  Companies  in  London 
and  its  vicinity,  to  explain  the  objects  of  the  Committee,  and  to  i«olieii  tlieir 
cooperation  by  furnishing  the  Committee  with  authenticated  returns  of  the 
sea  performances  of  vessels,  as  well  as  of  their  trial  trips. 

In  this  your  Committee  are  happy  to  report  that  ihey  have  succeeded.  All 
to  whom  application  was  made  expressed  concurrence  in  the  objects  of  your 
Committee,  and  their  willingness  to  render  every  irtf'ornmtion  in  their  power. 
The  great  difficult v  was  to  make  a  suitable  selection  of  vct-sels  as  examples 
of  ordinary  performance  in  the  mereantile  navy.  Press  of  business,  and 
perhaps  want  of  thoroughly  understanding  the  aims  of  the  Committee,  induced 
them  to  throw  the  whole  labour  of  making  these  returns  upon  the  Committee. 
1'he  log-books  for  a  number  of  years,  and  any  documents  the  Committee 
desired  to  see^  were  freely  placed  at  their  service;  but  the  time  required  to 
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wade  through  the  maisses  of  logs,  together  with  the  fact  of  the  Assodatioii 
meeting  this  year  nearly  three  months  earlier  than  usual,  rendered  it  imprac- 
ticable for  more  than  a  limited  amount  of  Mork  to  be  got  through.  It  was 
thereturc  determined  to  make  a  selection  of  certain  vesselsi  and  to  eudcavouri 
as  far  M  po9»ibIe»  to  render  complete  the  record  of  a  few. 

Your  Committee  at  the  same  time  communicated  with  the  Admiralty,  untk 
a  view  of  instituting  a  similar  comparison  between  the  trial  tripaand  ordinary 
performances  of  Her  Majesty's  vessels  at  soa. 

They  much  regret  that  they  have  not  been  able  to  obtain  the  latter.  The 
Lords  Commtft»ioncrs,  however,  very  courteously  entrusted  the  Committee 
with  the  original  retnms  of  Her  Majesty's  TesBeli  during  the  years  1857» 
1858,  and  1859,  as  furnished  by  the  officers  who  conducted  such  trials,  witii 
]Mrmii»ion  to  copy  and  make  any  use  they  thought  fit  of  the  informatioil 
they  contained.  Diagrams  of  the  engines  taken  on  the  trials  during  the  year 
1859  were  also  furnished. 

Your  Committee  must  remark  with  regard  to  these  trial  periurmances,  that 
they  do  not  appear  to  be  institated  with  anv  other  view  than  as  a  trial  of  the 
workmg  of  the  engines,  excepting  hi  a  few  instanoes»  when  ezpoiments  have 
been  made  to  test  the  merits  of  certain  screws*  In  fery  numerous  cases,  the 
officer  distinctly  reports  that  the  boiler  power  is  insufficient.  The  speed 
may  or  may  not  be  taken  at  the  convenience  of  the  officers,  but  in  no  case 
is  any  note  taken  of  the  economical  efficiency  of  the  engines  with  regard  to 
fad. 

As  your  Conmiittee  are  restricted  to  a  record  of  facts,  it  is  out  of  place 
here  to  suggest  changes  in  the  mode  of  conducting  the  trials  of  Her  Majesty's 
ships.  The  Committee  would,  however,  fail  in  their  duty  if  f  hoy  did  not  avail 
thi  lusclvcs  of  this  oceasion  to  repeat  their  convtctioTi,  as  rxpressed  in  their 
iojbt  Report, — That  it  would  tend  to  the  advancement  ol  science,  the  im- 
pfOTement  of  both  Tessels  and  engines,  and  to  the  great  advantage  of  Her 
Miyesty's  service,  if  the  trials  of  the  Queen's  ships  were  conducted  on  a  more 
eomprehensivc  plan,  directed  to  definite  objects  of  practical  Utility  o&  a 
scientific  basis,  and  recorded  in  r>  miiform  manner." 

In  additioM  to  the  vessels  of  liie  British  Royal  and  Mercantile  Navies,  your 
Committee  have  great  pleasure  in  being  enabled  to  lay  before  the  British 
Association  a  return  of  forty-nine  TCssels  in  the  service  of  the  Mestageries 
Imp6riale8  of  France  obligingly  furnished  by  a  member  of  the  Committee, 
Admiral  Paris,  and  recorded  in  the  form  used  by  that  Company ;  also,  of 
two  vessels  belonging  to  the  United  States  Navy,  the  particulars  of  which 
have  been  extracted  from  the  second  volume  of  Mr.  Isherwood's  recent 
publieution,  entitled  "  Engineering  Precedents."  They  have  been  introduced 
into  the  Tables  (see  Appendix,  Table  L). 

While  this  Report  was  preparing,  the  Committee  were  gratified  by  recelv* 
ing  from  Mr.  Archbold,  Engineer-in-Chief,  United  States  Navy,  two  sets  of 
tabulated  returns  of  performance  of  the  Ignited  States  steam  sloop  of  war 
*  Wyoming,*  under  steam  alone,  and  under  steam  and  sail. 

These  returns  are  of  peculiar  value,  as  comprbiug  particulars  iu  a  form 
wiU«di  tiie  Committee  beUeve  has  never  yet  been  published.  Along  with  the 
data  aifonied  by  Mr.  Isherwood's  book,  they  give  the  area  of  sail  spread  and 
the  force  of  wind  by  notation,  together  with  other  particular^  usefnl  for 
calculations  of  results  and  for  comparisons. 

Those  Tables  are  eontained  in  the  Appendix,  with  Mr.  Archbold's  letter, 
and  a  description  of  the  hull,  engines,  and  boilers  of  the  *  Wyoming.' 

The  letnms  furnished  by  the  British  Admiralty  embrace  216  vessels  and 
858  trials,  with  about  900  diagrams.  For  the  same  reason  ai  above  stated,  in 
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case  of  merchant  vessels  yonr  Committee  were  obliged  to  make  a  selection, 
and  to  endeavour,  for  the  purposes  of  the  present  Report,  to  obtain  a  ronipU  le 
record  of  a  tew,  in  Uie  form  suggested  by  the  Cuiiuiiittee.    With  thi*  view, 
application  was  again  made  to  the  Admiralty,  asking  lar  the  ftdditUKMl  ptiti* 
ealart  not  embraced  in  the  returut  of  trial  perfonnanoea  already  furnished, 
tad  stating  that  their  Lordships  were,  of  course,  aware  that  the  particular! 
given  in  those  documents  were  of  comparatively  small  value  without  others 
of  the.  vessels,  their  engines,  screws,  and  boilers.    The  Committee  added 
that  they  were  in  posses:iiun  of  such  full  particulars  from  both  companies  ami 
private  firms,  and  they  trusted  also  to  be  favoured  with  similar  informalioii 
from  the  Admiralty.  To  this  eommuateation,  the  Lords  Commissioiiers  re* 
plied  that  they  regretted  they  could  not  at  present  supply  the  information 
ilesired;  but  tlicy  would  ho  glad  to  receive  a  copy  of  the  reports  obtained 
from  companies  and  private  tiruis.  Your  Committee  thereupon  constructed  a 
Table  embracing  the  particulars  of  merchant  vessels  (A ppeudiv  L,  Table  1), 
and  also  a  blanli  table  filled  in  with  the  names  of  Her  Miyesty's  Tessds, 
selected  as  before  mentioned,  and  containing  the  results  of  the  test  trials 
already  given,  and  forwarded  them  to  the  Admiralty,  begpng  that  they 
might  be  favoured  with  the  return  of  the  table  of  the  ships  of  war  with  the 
blanks  tilled  in,  adding,  that  if  pressure  of  public  business  should  prevent 
that  being  done,  your  Committee  would  send  a  person  to  copy  the  perticulani 
pn  receiving  the  sanction  of  the  Lords  Commissioners  to  such  a  oonrse* 

As  a  measure  of  precaution  in  case  of  failure  on  the  part  of  the  Admiralty 
to  send  the  promised  particulars  in  time  for  printing,  your  Committee  ob- 
tained return?  of  the  machinery  of  these  vessels  hy  application  to  the  menu- 
factLUi  rs,  ])ei*8onally  and  by  letter.  They  avail  themselves  of  t!iis  opportunity 
to  thank  Messrs.  Boulton  and  \V  att,  Maudslay  Sons  and  I  icid,  and  John 
Penn  and  Sons,  for  having  so  fully  and  so  promptly  responded  to  the  call* 
They  are^  therefore,  now  enabled  to  lay  before  the  Association  a  table  com- 
prising the  results  of  the  trials  furnished  by  the  Admiralty,  together  with  the 
partieulars  of  engineii,  See,  furnished  by  the  manufacturers:  the  figures  In 
Clareinion  tyj)c  (see  Appendix  I.  Table  1)  denote  tlie  Admiralty  returns. 

Your  C  ommittee  regret  that  there  are  some  particulars  of  the  txiaib  still 
wanting,  as,  for  example,  the  evaporation  of  water  and  the  consumption  of 
fiiel;  but  they  believe  that  hitherto  those  Items  have  not  been  recorded*  It 
is  earnestly  hoped,  now  that  public  attention  has  been  called  to  the  suljed, 
that  u  more  exact  and  careful  neeount  may  be  taken^  both  on  the  measured 
mile  aud  on  ordinary  service  at  sea. 

In  compiling  the  Table  of  merchant  vessels,  a  similar  course  has  been 
adopt^  vis.  of  gathering  from  the  beet  sources  the  various  details  necessary 
to  complete  the  Table.  The  Companies  to  which  the  vessels  belonged,  gave 
every  information  in  their  possession,  not  only  of  the  vessels  themselves,  but 
also  of  their  actual  sea  performances,  and  placed  at  the  disposal  of  the  Com- 
mittee tlie  St  a  ]oi!^s  for  every  voyage,  with  periiii>?Hion  to  make  such  extracts 
as  they  deemed  proper.  For  any  additiunui  iniurmatioo,  they  were  referred 
to  the  constrnctors  of  the  engines  and  vessels.  Your  Committee  cannot 
speak  in  too  high  terms  of  the  constant  readiness  to  give  information, 
although  at  considerable  inconvenience  to  themselves,  which  the  various 
Compaidcs  and  private  firms  have  invariably  shown.  They  feel  assured  that, 
had  time  permitted,  and  if  the  requi>;ite  labour  couUl  be  devoted  to  it,  the 
whole  shipping  connuumty  would  wdluigly  coulnuutc  their  quota  of  j^tiUistics: 
all  that  is  wanted  is.unifornuty  of  arrangement,  and  that  a  form  similar  to  the 
one  proposed  by  the  Committee  be  generally  adopted. 

The  thanks  of  the  britbh  Association  are  especially  due  to  the  Royal 
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Mail  Strnm  Packet  Compan)*,  to  the  Pacific  Stonm  Navigation  Compan)',  to 
the  London  and  North-Wrsfern  Railway  Company,  to  Messrs.  Inglis  Bro- 
ihen,  Messrs.  Randolph  and  Hlder^  Messrs.  Caird  and  Co.,  Messrs.  H.  Na- 
pier and  Sons*  and  to  Captain  Walker,  of  the  Board  of  Trader 

Captain  Walker  very  obligingly  placed  at  the  service  of  the  Committee 
■ome  of  the  books  in  which  the  vessels  regiitered  and  surveyed  by  the  Board 
of  Trade  are  recorded,  and  your  Committer  nre  in  possession  of  ropies  of  the 
entries  of  51  vessels,  varying  from  6(X)  to  2000  tons  regi.-*tcr  and  upward?, 
registered  in  the  ports  of  London,  Liverpool,  Southampton,  and  Glasgow, 
during  1858.  These  liave  formed  a  very  useful  guide  in  leading  to  a  selec- 
tion S  vcssds  from  whicli  to  obtain  tbe  particulars  requisite  for  comparison. 

Your  Committee  have  been  in  communication  also  with  the  French  and 
American  ambassadors,  with  a  view  to  obtaining  the  stnti  tirs  of  pcrrorm- 
ance  of  their  respective  navies;  and,  after  referring  the  matter  to  tlieir  home 
Governments,  the  Committee  have  received  the  assurance  of  their  willingnesa 
to  cooperMe. 

Your  Committee*  being  preduded  by  the  terms  of  their  appointment  from 
disenasiiig  theories,  or  attempting  to  deduce  laws,  have,  nevertheless,  thought 
it  not  inconsistent  to  prepare  a  table  of  ratios  based  on  the  indicated  horse- 
power, and  showing  the  ratio  between  that  element,  as  developed  on  the 
measured  mile,  and  the  grate,  the  tube,  and  other  heating  surfaces  of  the 
boilers  producing  it;  also,  between  the  grate  and  beating  surfaces,  and  be* 
tweeo  the  indicated  horae-poirer  and  the  ooal  consumed.  The  Committee 
legret  tliat  this  important  item>  the  coal,  is  not  more  frequently  recorded^ 
very  few  private  trials  nriking  any  note  of  it;  arid  in  fio  instance  brought 
under  the  notice  of  the  Committee,  have  the  Admiralty  othcers  made  known 
this  element,  so  necessary  ior  ascertaining  the  efficiency  of  the  boilers  (for 
Table  of  Ratios,  see  Appendix  IV.  Table  I  ). 

The  following  is  a  general  summary  of  the  result  of  the  Committee's 
labours  during  the  past  session.   They  have  obtained  : — 

1.  Returns  of  3.53  trials  by  216  of  fler  Majtsty's  vcs??  ls  of  war  during  the 
yean*  1857,  1858,  and  1859,  with  about  900  (898)  diai^rams  tnkcn  during 
the  trials  iu  1859;  also  notes,  by  the  officers  cunducuug  the  trials,  of 
observed  tacts. 

Of  these  trials,  fifly*eight  made  by  seventeen  of  the  vessels,  have  been 

selected  by  way  of  illustration,  with  the  particulars  of  mat  Iiincry  obtained  from 
the  makers,  and  arranged  in  n  tabular  form.  (See  Table  1,  Appendix  ].} 
The  nanjcs  of  the  vessels  are  the  '  Diadem,'  *  Doris,'  '  Mersey,'  *  Marlborough,* 
•Orlando,'  *  Renown,'  'Algerine/  *  Bulltinch,'  *  CenJaur,'  'Flying  Fish,* 
«  Hydra;  *  Industry,'  •  James  Watt,*  *  Leven/  •  Lee,'  •  Slaney,'  and  •  Virago.' 
This  Table  also  comprises  the  two  American  vessels,  *  Niagara '  and  *  Massa* 
ehusetts/  together  with  the  British  vessel  ■  Rattler/  introduced  for  compari- 
son. 

2.  Returns  of  G8  mercbant  vpst-els. 

Four  diagrams  taken  during  trials  of  the  '  Atrato.* 

Scale  of  displacement  of  the  '  Atrato.* 

Lines  of  ditto; ;  : 
.  Eight  diagramt.o^  the  '  Shannon  *  talcen  during  trials. 

Twenty-two  of  these  v(  <;5r]s  have  been  selected  and  tabulated.  (See  Ap- 
pendix I.  Table  1.)  Tlu  ir  names  are — '  Anglia,'  '  Cnuibria,'  *  Scotia/  *  Tele- 
graph/ '  Mersey,'  *  rarautatta,*  *  Shannon,'  *  Tagniauian,'  *  Oneida,'  *  Atrato,* 
*La  PlaU,*  'Lhna,'  *5an  Carlos^*  *  Vslparaiso/  *  Bogota/  *  Callao/  '  Guaya- 
quil,'  'Undine,' '  Ermioia/  *  AdmiraV  Emerald,'  and  *  John  Penn.* 

n»  fttunia  of  the  first  Cour^  belonging  |o  the  London  and  North- Western 

Digitized  by  Google 


198 


REPORT — 1860. 


Railway  Company,  are  the  mean  of  a  number  of  trips  on  actual  service  be- 
tween Holyhead  and  Kingstown.  The  returns  of  the  '  Erminia,'  'Admiral,' 
*  Emerald/  and  'John  Peon/  are  measured  mile  pertormances  only  ;  but  the 
remaining  12  vesseb,  with  the  exception  of  the  '  Undine/  show  their  sea 
perrormaDces  over  distances  of  about  6000  coosectttive  nautical  miles  ewh, 
in  addition  to  the  performances  on  the  measured  mile. 

3.  Return  of  t!ie  results  of  performance  of  49  vessels  in  the  s-ervice  of  the 
Messageries  Imperiales  of  France,  recorded  in  the  form  used  by  that  Com- 
pany. The  whole  of  these  vessels  are  given  in  the  Appendix.  (Appendix  I. 
Table  2.) 

,  4^  Quarterly  returns  of  the  speed  and  eonsumption  of  ooal  of  the  London 
wad  North*Westem Company's  express  and  cargo  boats,  under  regulated  con- 
ditions of  time,  pressure,  and  expansion,  from  January  Ist  to  December  81s^ 
1859— presented  by  Admiral  Moorsora.    (Appendix  If.  Tabic  1.) 

Half-yearly  verifications  of  tiie  consumption  of  coal  of  the  above  vessels, 
from  January  1st  to  December  Slst,  1859,    (Appendix  11.  fable  y.} 

5.  Forms  of  log-book  used  by  the  Royal  Mail  Company  (Appendix  III. 
No.  1),  by  the  Pacific  Steam  Navigation  Company  (No.  'J),  by  the  Peninsular 
and  Oriental  Mail  Company  (No.  3),  the  Admiralty  form  for  recording  trials 
of  Her  Majesty'.^  vessels  (No.  4),  and  the  Board  of  Trade  form  of  return  of 
capabilities  (No.  5). 

6.  Table  showing  the  ratio  between  the  indicated  horse-power  and  the 
grate,  the  tube,  the  other  heating  and  total  heating  surfaces ;  also,  between 
Qie  grate  and  heating  surfaces,  and  between  the  indicated  horse^power  and 
eoal  consumed.    (Appendix  IV.) 

From  the  above  list,  it  will  be  readily  conceived  that  the  time  of  tlm  Com- 
mittee ha:»  been  fully  occupie<l,  a'?  t\\c  task  of  copying  and  coii  lriisiiii;  tioin 
log-books  is  one  involving  a  large  amount  of  labour.  Your  Committee  have 
tt6t  therefore,  as  yet,  been  enabled  to  conduct  experiments  on  the  plan 
recommended  in  their  first  Ileport  presented  to  the  Association  in  Aberdeen. 
They  have,  however,  kept  that  branch  of  their  inquiry  in  view;  and  through 
the  courtesy  of  Mr.  A.  P.  How,  of  Mark  Lane,  and  of  Messrs.  Tylor  and 
Sons,  of  Warwick  Lane,  they  hnve  been  presented  with  apparatus  of  the 
value  of  about  d^GOt  consisting  of  salinometers,  and  an  engine  counter  aud 
dock ;  they  have  also  at  their  disposal,  for  use  whenever  required,  a  superier 
dynamometer,  and  a  compound  stop-watch,  and  are  now  prepared  to  pro- 
ceed with  experiments,  should  the  Association  see  fit  to  renew  their  powen^ 
and  the  consent  of  the  Government  be  obtained. 

The  Committee  regret  that  they  have  not  been  able  to  collect  any  such 
information  respecting  the  perl'ormance,  under  sail  alone,  of  steam- vessels, 
as  was  contemplated  by  the  Association,  ''with  a  view  to  comparing  the 
results  of  the  two  powers  of  wind  and  steam,  in  order  to  their  most  efleetive 
and  economical  combination." 

They  must,  however,  draw  attention  to  the  synopsis  given  by  Mr.  Isher- 
wood,  of  the  steani-log  of  Ihe  '  \ia;:;ara,'  in  which  her  performances,  "under 
steam  alone,"  under  steam  and  ibre-and-aft  sails,"  and  under  steam  aud 
square  sails  combined,"*  are  set  forth  in  such  manner  that  those  converMot 
with  the  subject  will  be  enabled,  without  much  difficulty,  to  assign  its  approxi* 
niate  value  to  the  power  of  the  sails  alone. 

In  Mr.  Archbold's  Table  of  the  performance  of  the  *  Wyoming,*  the  addi- 
tional particulars  of  the  force  of  the  wirul  by  notation,  the  area  of  sail  set, 
and  the  indicated  hor»e-power,  which  are  not  always  stated  in  Mr.  Isher- 
wood's  synopsis,  aflbrd  the  means  of  tolerably  accurate  comparison. 

It  is  a  duty  the  Committee  owe  to  themselves,  to  express  thus  puMidy 
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their  sense  of  the  services  rendered  to  the  Association  by  Mr.  Henry  Wright, 
their  Honorary  Secretary,  whose  ontiriog  energy,  indefatigable  labours,  judg- 
ment, and  discretioDy  have  enabled  them  to  lay  this  information  before  the 

meeting. 

To  ^Ir.  Smith,  n  rncmbcr  of  thn  Committee,  their  acknowled<;ements  arc 
dw\  as  well  for  the  use  of  a  room  in  his  offices,  as  for  several  sources  of 
iuiormation  opeuetl  to  Iheiu  by  hh  iiiHuence. 

The  Marquis  of  Stafford,  by  placing  a  room  in  bis  house  at  the  disposal 
of  the  Committee  for  occasional  meetinge*  has  contributed  materially  to  the 
perional  convenience  of  the  members. 

Of  the  grant  ut  :€\50  voteil  by  tiie  Connfil  of  the  Association,  to  defray 
the  expenses  of  printing,  postage,  collecting  information,  &Ct  S#-  lQd» 
has  been  expended,  viz. — 

£  s,  d. 

To  printiog  laat  year'a  Report   18   I  6 

To  printing  present  Report  ««   78  I  i  0 

To  stationery  and  miscellaneous  printing    13  15  9 

To  postage    5    0  1 

To  sundry  expenses,  including  cab  hire  and  railway  fares,  incurred     8  12  6 
by  the  Honorary  Secretary  whilst  collecting  information  ....     8  Ig  6 

Total  expenditure   d^[2h  10 

Balance  of  grant  remaining  unexpended  • . . .  S25  16  2 

It  was  originally  intended  to  institute  inquiries,  not  only  in  London  ftttd  Its 

vicinity,  but  also  in  Glasgow,  Liverpool,  Hull,  Bristol,  Southampton,  New- 
castle-on-Tyne,  &c.,  and  for  this  puri)ose  it  would  have  been  necessary  to 
defray  the  expenses  ol  an  agent  to  conduct  the  inquiry;  but  the  bhortness 
of  tile  session,  together  with  the  extended  field  which  London  presents,  ren- 
dered that  course  Impracticable. 

Your  Committee  feel,  that  a  beginning  having  thus  been  made  towards  the 
means  of  a  scientific  investigatit)n  of  the  performance  of  ships  under  differ- 
ing conditions  at  sea  and  in  smooth  water,  it  would  il!  brromc  the  British 
Association  fur  the  Advauceuieat  of  Science  to  drop  tlie  question,  although, 
expense  as  well  as  trouble  is  involved  in  its  successful  pursuit. 

They  recommend  the  reappointment  of  a  Committee,  with  a  renewal  of 
the  grant,  and  with  power  to  remunerate  a  clerk  for  sudi  services  as  cannot 
be  undertaken  by  any  of  it<!  members. 

Ou  behalf  of  the  Committee, 

C.  R.  MooRsoM,  V  ice- Admiral, 
19  Salisbury  Street,  Stnuid,  LoedoD,  Chairman. 
JttOd  latb,  1860. 

Note. — Since  the  above  Report  was  written,  and  whilst  in  the  press,  infor- 
mation was  forwarded  to  the  Committee  which  has  enabled  them  to  compile  the 

Table  given  in  the  Supplementary  Appendix,  showing  %'ery  interesting  com- 
parative results  of  two  vessels,  the  *Lima'  and  '  Bogota,'  whr  n  fitted  with 
tlifTerent  systems  of  machinery.  Tiic  Table  shows*  the  results  of  perform- 
ances ou  trial  of  these  ve>iels  when  fitted  with  single-cylinder  engines,  aud 
also  at  sea  on  a  voyage  of  upwards  of  6000  miles ;  also  thehr  perfonumces 
when  fitted  with  double-cylinder  engines. 

ERBATA^LABas  TABUi-^raK»DC  I. 

'Atnio'  on  trial,  Stokss  Bay,  Jan.  22,  1857,  omit  In  licai<  !  Tforse  power  1128*42. 
DiltO»        dittos        Mar.  4»  1857,  for  ladicated  Uone  power  1198*22 
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Appendix  1.— Table  2.  UesuiU  of  PerfonnaDce«  of  the  Steam-ahips  in 
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I4r.2  ii> 

0li3- 

O-Oo 

0;/) 

370  1 

24 
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Mm 
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0  04 
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247 
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OCkS 
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0-4(1 
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000 

O'.lfi 

240 
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28-31 
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•J'.t-7s 
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<  - 
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72 
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174 
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O;>0 
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777b 

10 
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1  0-4<i'6 

(hid 

0-;;l 

200 
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•27 
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10572 

4409 

3514 

1  0-50 

038 

22(  t 

21 

2it7.S 

212 

f»lfi7 

2144 

IW,2 

O30 

220 

21 

l'.»74 

2(  12 

r>83.'^ 

2i:'.0 

20 IH  l^f 

1  O40 

071 

0-47 

2*20 

21 

21 

2 1  ri 

.''77  .'{0|    .''•2.'i  20 

1  0-4 10 
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21 
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0-70 
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21 
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0.>1 
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2(t70 

21 1 
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O.'i.S 

0(*»H 

200 

21 

•2044 
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0'.i.".0 
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OOO-.'i 

0-(>7 

03!» 

2t>0 
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o;s 

7424 

j  ;i70.'>  10 
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0(^4 

007 

03(^ 

200 

1 

•2f 

.M74 
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200 

1  4.'» 
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2-2S.',  .To 

00.-. 

0-02O 

0-.>fl 

1  SO 
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2ev>2 
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•241!  1(» 

1024  10 

O.'iO 

(►■04 

038 

ISO 

■  2''.ri 

27  02 

1^7 

,  ;:244 

1    i:i27  20 

1017 

1  on.') 

0-00 

Q-.TO 

24-08 

173 

43-20i    207s  l.> 

1424  40 

04W) 

003 

0-53 

ISO 

'  2r,  ."1 

27  o.'i 

I 

(•^.^70 

•2472 

2ir.2 

o;>,*» 

o«;r> 

0-44 

2j 

i  2:i  2.-. 

107 

,  421.S 

,    21-2S  4.". 

I4st>  :m 

o."(7 

0(K» 

034 

180 

140 

1 4ri-02 

!  170 

C308 

I   2f«o7  30 

i  061 

0«» 

/Nil 

0-41 

1  ("( ) 

'. :,() 

47  7-") 

1  :i2 

'  .-.71'.' 

I'.isO  .'{( 

002 

0-(>0 

0-44 

JiR) 

1  -** 

1  27  12 

1  im 

j  Lhi\i',i 

1  l«j:iO 

104<>  lij 

1  0-4« 

0i)2 

0 

KiO 

1  27  ••'W 

1  li^O 

fi37fl 

2200  30 

1630  15 

1  0-82 

(HS6 

040 

If.O 

2'"» 

■ 

1.''7 

1  L'r,r,> 

'X\7  40;    ,s47  rA 

087 

OCA 

Oo.) 

J<j4> 

,  22;> 

,  2.-1  J  4 

,  120 

1  aw 

1     410  4o 

h  0-iiO 

I  0-00 

040 

tOJV^ 

"  I4S0 

\  1174 

I    ro8  rvi 

522  85  0  58 

/VAA 

04*' 

Iff) 

:;().') 

2.v;!.% 

l.)2 

1 2 

•2C.'.t7  :!." 

o;57 

'  0(V. 

UAi 

1  22-.'» 

2tJ-2.» 

144 

1  o4r»4 

1  2j>i3 

1  2124 

1  O40 

1  0  00 

IW 

1  22Ti 

17-85 

120 

1  i2.M.n 

!     839  1(1 

(   497  4C 

f  0-42 

!  0-68 

L2  ;> 

22  40 

i:.o 

(■.i-2' 

2."'^0 

i  2:172 

o4.sr> 

0(-,<J 

iro 

24 

I'O.T? 

127 

1  .^.104 

1  2;*4;i 

1  l!'Oi 

1  Oo:{ 

O40l 

120 

27 

•27  1'4 

121 

1  0.374 

\    2.528  2< 

2|-2.'>  :>: 

1  0-55 

O40| 

Totala  

UlOO  ... 

•  «« 

I04;ki 

1101^  30 

U2733 

>•• 

••• 

... 

227'j  ... 

♦  •  • 

213 

5815 

2370 

1893 

... 

•«•■ 

*.» 

Xttl.— Metn  m  3!eot  foot 
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the  Service  of  the  ^^Messageries  iuip^riales"  of  i  ranee  during  the  year  1858. 


Consomptlwt  of  eo«I. 


Total* 


kilo. 

.V.)]0,l  47 
a.l74J',il 

2^.560 

1, M6,165 

2.  -J'27,.H4*2 
.•;,0Uiil>79 
2,757.184 

2.47<  M  KM) 

;>.r.«>2,'.iiL' 
l.Ii.'J.\.'>7i) 

l,7m,.V.4) 
1.4I4..W0 

1,08^,072 
061,350 

ii»7.07e 

2.027,570 

I.()24..'(i0 
1.441.148 

1,  'il2.r,70 

rt47..'>.'>.'{ 

272..^7^ 
.Sl'8.77.^ 
1.4'.H«.2.S1 
l,72M,.ic,l 
I 

2.  *»2r.,.')(K> 

i.2.v,»,n2(; 

1,XA>,7'.)0 


3 

o 

I. 

IS 

s 

it 


kil'>. 

14.^;  5 

1. -..•{.•! 
124S 
M'lO 
1*17.'> 
I. ".SO 
l.">21) 

1.".47 
1U44 

iiao 

I  .».»2 

1215 

1 1'.U 
KXkS 
l)*.t7 

\m 

'.•72 
10.-.  I 

I I  >s2 
1(12*  ■) 
107*'. 
1(120 

'.).■)'.) 

Mm 

li:!2 
b07 
857 
1»>0 
9^70 
875 

019 

.^17 
87.'» 
?'27 
7r.4 
(>>.') 

7."f; 

7S7 
82.*{ 
(•.2.'{ 
Ku\ 
7»''J 


52740 


kil.t. 

41  M 

4:{2 
ir.o 
:is4 

411 
I  Ki 
4i;2 
414 
4.s<,l 

477 

42-4 

;;.s7 
niH 
:}o() 
:KKt 

:{72 
:;}s 
:><•,(') 

;;.'.4 
:m 
.too 

.no*) 

aoa 

288 

27^» 

2C,7 
27'. » 

2ir, 
im 
:va:\ 
270 
212 
•>2 
.';.'{o 
2(;i 

210 


17117 
868 


kil... 
4<» 

••5  7 
4  1 
34 
.•ts 
i:. 

4!i 
4  7 
4 

.VI 
.')4 
4  7 

0 

r.;i 
.-.<) 

4  5t 
4-2 
41 
4  7 
4-.'< 
.'.2 
4 '7 
411 
4() 

.')'.» 
4<', 

4;{ 

54 
.■)•(•, 

42 
4-2 

.-.4 

4-8 

."»4 

1 

4 
7 
4  7 

4-;? 

4  7 
4'.» 
.jl) 
,'i'.» 

4-7 
,j-2 


4-8 


£  3 

3  S 

I  i. 

'a  f 
t  - 

—  ! 


kilo. 
4S 

4  S 

:;  4 
;5'.) 

i  I 

..4 

.'.() 
41) 
.j'.j 

.VI 
40 
.j(i 

:>  {  } 
.j .'{ 

4  4 

4: 5 
.'>4 
.j  (■» 
.-)■.') 
4M 
.'..3 
4  7 

4<; 

4  7 
4 

(;-4 

fJ-7 
41 
4-0 
.j  4 
VI 
.■>  () 
.'»•:{ 
.'•■7 


.■.!» 
4'S 
5  a 
5-0 

r>*.) 

V-7 
4',) 
.*>•.'» 
ij-.j 


51 


Cfniumption  of 
oil  anil  taliow. 

-3 

C 

■a 

Li 
t  . 

W 

£  "  « 

Total. 

a  , 
?  c 

X  a 

.  3 

■5 

0 

C 

.§ 

•* 

s 

•0 

c 

3  w  « 

■So 

*  »i 

5  r  ,5 

rc  run  with 
line*  of  coa 
,  of  nine  kn 

I 

c  r» 

01. 

c 
<* 

s 

2 

d  V  0 

.  ,, 

5  B 

S  2  i! 

^3 

kilo. 

kilo. 

klir.t.i . 

knut». 

kilo. 

'  ;{i22 

0  lau 

... 

417 

l.V<17 

)  •>(  M  17 

0  18i< 

10-0.'. 

.'{<8 

14.(W4 

7ii;{ 

0  172 

10  2') 

10  2V 

.'{■*>2 

IV.7W 

S140 

OiiOl 

1)-7V 

10  (>0 

■  )  .  b  -1 

.>2'> 

\iK\m 

,  f/i;;;; 

0  l.V.> 

io-;!:> 

10-.">2 

.■{].'{ 

17.7-29 

2{7->< 

Oil).'. 

1 1  •(  )V 

... 

."lO.'t 

I8.;ui 

i  .^37 

0  174 
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1 1  ■  1 

;{2'.) 

h;,878 

i ".)'«) 

0  is<; 

1 1  1  )V 

1 1-74 

.,.) 

20,181 

:;i.^2 

0  i:>r» 

IO(N) 

1 1 )  (.)V 

21*1 

1-i  l-  I 

1  4'.>:;;) 

0  141) 

1)  7*1 

... 

404 

13,741 

a>02 

0  2(  >S 

l0()2 
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.•JiJd 

14,02.'» 

3905 

0-2:^.0 

',)-77 

io-2r» 

21 '4 

18.843 

4I0'.> 

0  22.j 

1) !'.'» 

... 

,'iO.'{ 

18.2t>l) 

"it^l  1 

U218 

9i)0 

U60 
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13,0iMj 

5380  1 

0-237 

9*08 

9-27 

394 

14,096 

V2>2 

Ois.j 

11  .'U 

•<> 

l.'...'02 

4":0<i 

O24o 

D.'X) 

1027 

2^87 

i'j,;>ii 

4i:ii 

0-217 

005 

10452 

246 

22,647 

4741) 

0  1 7<) 

1)22 

D-.Vs 

—  " 

18,713 

:^.ii7 

0184 

U-2v) 

•  •  » 

oOO 

18.472 

;i.;70 

0120 

0-02 

o-.w 

348 

15.962 

4o<;.s 

o-2;'e8 

s  :}2 

D'Ol 

4.W 

12.073 

21H)1 

OKU 

8  ()7 

l)2o 

402 

13,8(^^ 

1  (;);.j 

0  i;?7 

8  !)1 

... 

I.V4S4 

4 144 

0-227 

S'>2 

1)  11 

,{8  1 

14,.j7r. 

]  'SVX 

0  1.^7 

8-20 

•))N) 

4.'() 

12,.3.'{8 

22C)2 

0  Hi.'. 

8  14 

840 

421) 

12.1M.'. 

02:1s 

1)  (".2 

9'70 

'**,i8 

1S,0.3() 

.•;mi) 

oilt7 

l))>o 

... 

:<[  1 

17.820 

v;>.s  1 

o;i2i 

8-;t.j 

... 

.';.'»8 

1.5.404 

4;»4 

0-220 

H5.715 

.';;{4i 

0  2;!i 

It  .Vj 

10-40 

2/.) 

20,105 

0  l  s2 

1  )•.'<; 

10  J.'i 

2(»1) 

20,.'>*)5 

2730 

0  2».2 

it- 10 

010 

282 

P.).<:08 

4.-.  ID 

0  2^'0 

loir. 

275 

20.100 

0228 

ttvO 

•  •  • 

277 

14,72U 

0^232 

8*57 

9'19 

354 

15,667 

0-24S 

8-7.'5 

tKSl 

21  ;7 

18.0,'»2 

1  270(i 

0247 

10-27 

224 

24,802 

0-228 

000 

10-37 

2.32 

23,856 

121*7 

ol'.';:{ 

II  40 

... 

224 

2^.781 

O- 1  fl*4 

7  04 

4i>li 

11,120 

1  11)1 

O.'J.VJ 

««.'» 

::: 

586 

9,469 

.'il>2S 

o;{|  1 

8(;7 

21).3 

18.085 

0; !(;.'» 

401 

13.8,51 

1  ''-[^^ 

oi;io 

7-4« 

•  •  • 

.1.'>9 

1.5.4(>0 

4»>74 

0-21  )<^ 

7'7."» 

•  •  • 

44.') 

12.405 

2701 

0  229 

S-81 

287 

I!),:?  18 

2;t]4 

027.^ 

«t-oo 

211 

20.20.*^< 

il64y43 

10  521 

•  •  • 

10762 

tiai»2^ 

3774 

0214 

1 

921 

9-82 

342 

16,046 

Digitized  by  Google 


Afpxmi>IX  IL— Table  1.  Chester  and  Holyhead  Railway — SCMm-boat 
ExpreM  and  Cargo  BoatM,  under  regulated  conditions  of  Time* 


ingUa. 


Cambria 


Telegraph 


Car^o : 
Hiberaia  .. 


HmmqIm 


Ooam.. 


SeaKTmph 


1859. 
1  Jan.  to  31  Manh 
1  April  to  .'M)  Juno 
1  July  to  30  Sept. 
1  Oct  to  81  Dec... 


1  Jau.  to  31  March 
1  April  to  30  Juno 
1  July  to  :M)  Sept. 
1  Oct  to  31  Doc.... 

I  Jan.  to  31  March 
1  April  to  30  Juno 
1  July  to  30  Bept. 
1  Oct  to  51  Sea... 


1  Jan.  to  31  March 
1  April  to  30  June 
1  July  to  30  Sept. 
1  Oct.  to  31  Dca  ... 


1  Jan.  to  31  Manh 
1  April  to  .■><  )  Juno 
I  July  to  .'}<►  Sopt. 
1  Oct  to 31  Dec... 


1  Jan.  to  31  March 

1  April  to  .'jO  Jimo 
1  July  to  30  Sept^ 
1  OettodlSw.... 


1  Jan.  to  31  March 
1  April  to  90  Jimo 

1  July  to  r>0  Sept. 
1  Oct  to  31  I>eo. ... 


1  Jan.  to  31  March 
1  April  to  30  Juno 
1  July  to  30  Sept 
1  Oct  to  31  Dec... 


No. 
of 

tripa 
run. 


47 
nU. 
36 

uil. 
30 
7.') 
44 

81 
31 
nil. 
41 

nil. 
37 
83 
40 

7<J 
Ih3 
77 

20 
37 
75 
4» 

71 
7 

28 
Sii 

50 
65 
75 
91 


LODgMt. 


h  m 

8  lM» 
7  30 

5  26 


Shortest 


5  20 

It; 

5  55 


0  46 
6  15 


5  0 
0  7 
0  0 

9  17 
9  27 
8  33 
12  15 

11  15 
0  2.') 

12  45 

13  35 

10  0 
8  5 

11  15 
11  15 

13  5 
7  35 

7  30 

8  ao 


h  ra 

4  0 

4  ao 

424 


4  17 

4  i:? 
4  21 


7         4  6 


4  16 
490 


4  7 

1  11 

'1.   2 1 

5  40 
5  44 
5  45 
5  40 


C  15 

5  55 

6  0 
635 


7 
7 

G 
6 


5 
5 
5 


15 
0 
0 

15 

45 
30 
20 
90 


Arcnge. 


h  m 
4  \-2 

4  37 
4  49 


4  31 

4  -27 
4  41 

4  45 
4  40 

440 


4  no 
I  40 
4  58 

6  44 
G  28 
G  35 
6  47 


.55 


7 
G 

7  27 

8  16 


7 


3 
28 


6  57 

7  33 

6  56 
6  14 
C  7 
630 


Armigie 
rate  of 
■peed — 
QuIet. 


13-40 
13-64 

13-08 


13-  95 

14-  15 
1345 

13-20 
13-50 

13-08 


1403 
1350 
12-68 

IO:iO 

10-G3 
10-31 

8-84 
10-41 
9^39 
8^ 

8-  48 

9- 37 

10-  07 
9-27 

10-  09 
1123 

11-  14 
10-76 


Digitized  by  Google 
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Depariment-^A  Retani  of  the  Speed  and  ConiumptioD  of  Coal  of  tbe 
PieMure,  and  Expansion*  for  tbe  uodennentioned  Period* 


OoabcoBMNaed. 

worked 

MM  ia  qtiadar. 

1 

Per  trip, 
inrluding 
getting  un 
flteun  and 
while  hring 

•ft  HiMllMl. 

Per  hour, 
indudinfir 
nuaiDg 
•team,  bank- 

Per  hour, 
exclusive  of 

nulling 
stoain,  liank- 

Vtm. 

IS 

^   ^  H 
M  ann  bosio 

(MM  CWt*  UWt 

12  11  IS 

KM    &  A  Ami 

11  17  14 

toaacwt.U»> 
2  IS  47 

Mm    Mt^m       ^a  V 

2  11  40 

tOMCwUlba. 

2  1  95 
1  19  28 

»  Heavy  eale,  WJf.W. 
Eaiea  enginee. 

12i 

^  aud  none 

12  10  3 

2  11  101 

1  19  79 

■ 

14 
13i 

i 

11  15  37 

1 0  oil 

1  *<f      *  Li 

13  17  66 

2  12  11 

2  I  t  'X\ 
2  19  28 

1  19  80 

2  1  50 
2  6  45 

12 
12^ 

Hand  II 

la  1:]  59 
12  9  96 

2  17  6.5 
2  15  100 

2  5  63 
2  3  98 

»  Heary  calfl!,  >Or*W. 
Eaaed  ttDginee. 

IS  13  71 

2  16  90 

2  4  71 

10 

no  no 
uono 

12  17  60 

13  10  44 

14  13  25 

2  17  15 
2  17  98 
2  19  41 

2   4  35 
2   5  10 
2  6  65 

It 

i« 
H 
H 
M 

13  18  11 

13  13  54 

14  15  96 
14  13  28 

2  1  33 
2  2  32 
2  4  101 
2  4  28 

1  13  13 
1  14  12 
1  16  78 
1  16  0 

104 

ir 
11 

lOj 

none 

none 
none 

8  11  64 

8  8  0 
7  28 

9  0  20 

1    1  75 
1   6  18 
1    1  40 
1    1  89 

17  98 

1    2  41 
17  39 
17  88 

9 
9 

10 

10 
10 

n 

none 

none 
none 

2nd  grade 

1  and  2  grade 
1  and  2  grade 
1  and  2  grade 
and  full  ipeed 

9   2  32 
11  12  64 

9  17  24 
11  2  21 

11  7  24 
10  8  61 

10  11  20 

11  13  12 

1   2  72 
1  11  10 
1    8  3(> 
1  9  48 

1  12  80 
1  13  h\ 
1  14  64 
1  16  88 

18  19 
1    6  75 
1   3  83 
1  4  95 

1    4  45 
1    5  10 
1   5  6 
1  6  108 

NoTK. — Ordera  are  giyen 
to  the  reesels,  in  gales  and 
heavy  head  foo,  to  ease 

the  pnjnnes,  which  occa- 
aiouuii  J  uicreaaes  the  ave- 
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Appendix  II. — Table  2.  Chester  nnd  Holyltrarl  T^nilwaj- — Steara-boai 
Department. — Che&ter  aiu!  Holylfrnd  Stcam-boals'  ConsuiuptioD  of  Coil 
for  the  Six  Months  ending  SOih  June,  1859. 


AUu4  oi  vcstet. 

ThrecmooUu 

Num- 
ber of 

DWnbrr  of  toos 

Total  fcr 

TotjJ  *»  shown 

fCRCTui  •ceoont, 
inrludtn|r 
eoal  on  board. 

1869. 
/March  31... 

73 

tnni  cwt.  Ib«. 

12  11  121 

11  H   It  J 

tooacwC  lbs. 
1473  15  78 

twacvL  b. 
1458  8  0 

duno  ou  ... 

.17 

riCtfdiSl. 

^«PIIIIV«W  •.. 

oO 

11  1A  XT 

Am   Iv  0f 

AOS  11  inn 

AM   A  A 

/  March  31... 

1  V  iiiiC  «.>"  ... 

81 
ti 

13  13  591 
i'>   ii  lift  f 

i.A    V  VOj 

1593  11  47 

1575  13  0 

f  March  31. 
t^FuMSO  ... 

87 

13  17  00 

476  8  92 

408  13  0 

/March  31... 

1  Juiu>3()  ... 

77 
76 

13  18  in 

13  13  r4/ 

2109  18  23 

2104  19  0 

/March  31... 
\  June  30  ... 

26 
37 

8  11  641 

8   8  6/ 

53S18  94 

536  15  a 

/March  31... 

iJuiMao ... 

21 

9  2 

11  12  64/ 

272  16  0 

285  11  0 

7 

(■March  31... 
\ June  30  ... 

.■.<5 
65 

11    7  241 
10  8  61  / 

1313  19  4o 

1327   1  0 

8137  0  31 

8203  3  0 

Appendix  11. — Table  f^*  Chrsfcr  and  llolylnad  Railway — Slrani-boat 
Department. — Chester  and  Holyhead  Steam- bunts*  Consuiuptioii  of 
Coal  for  the  Six  Months  ending  :il8t  December,  1859. 


Anglia  

Otmlwtt ... 
Sootift  

Telegraph  . 
Hibcniift... 
Hercuica ... 

Ocean  

fieaKjinph 


IR'iO. 

s<>i)t. ;;(). 

Sept.  30 
Dec.  31 

SrpW  30. 
Deo.  31 


/Srpf.  30 
1  Dec.  31 


Sept.  30 
Dee.  31 

Sepl.  30 

Dec.  31 

Sept.  30 
Dec.  31 

Sept.  30 
Dee.  81 


toil*  cwt,  lb». 

12  10  3 

75 

12   2  11 

44 

13  17  60. 

41 

13  13  71 

83 

13  10  44 

40 

14  13  25 

C3 

14  15  06 

77 

14  13  23 

75 

7  10  28 

49 

9   0  2(1 

28 

9  17  24 

32 

11    2  21 

7r> 

10  11  20 

91 

11  13  12. 

} 


} 


} 


tont  cwt.  lb*. 

4d0  0  108 
1518  11  33 

560  18  111 
1708  n  60 

2060  15  91 

1037  12  b6 

631  12  0 

1852  11  16 


9820  14  27 


tons  c«'t.  lb. 

449  17  0 

1496  10  0 

568  6  0 

1668  3  0 

2074  16  0 

iU4d  10  0 

640  1  0 

1861  3  0 


9827  6  0 
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psNOix  UI^Tablb  3.  Peoiusular  and  Oriental  Company's  finginoer's 

Log. 
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Appendix  111. — l  AiiLE  4-. 


Ytird. 


Bepori  of  trkl  of  Hur  Majcstj's  at«am  rcssel 


Dote 


JDraiight  of  Witter     j  ^ 


When  irl,  1   

Wlicre  tnc<l  ,  ,  

Forward  

^Aft  

l^umber  of  rerolutioiia  of  eugmes 

IPiMnvB  on  nftty  tsIto.,  

Vacuum  in  Cundfiisers   ,  

Power  as  showu  by  indicator  

Spe^of  ^ 


Indicator  cards  and 


tracinprs  arc  nttuched  to  this  Report, 


Bonuiriv    to  t]ie  perlbnnmioe  of  the  engines,  boilen,  fto. 


Ko.  of  nuu. 

Bofolvlioaa  of 
•itgiaeaperiiiiaala. 

!  Obecrred 
i  tiinv. 

1 

1 

MeoD  ■{HiecU. 

( 

Tro^mean 

Min. 

8i'c. 

1 

2 

a 

4 

5 

6 

1 

Mean  rero-  "1 

 ... 

 1 

Knots  mean  1 

ittttoQi...; 

of  niMIM.  J 

I2IIMf--Appeiidis  m.  No»  6  OMxied  to  bottom  of 
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ApFIITDIX  IV. — TABt.E  showing  the  K;itios  hchrpcn  iho  inrJirateJ  Hor?!<»- 
indicated  ilurse-power;  also,  between  the  grate  and  iieaiiog  sur- 


Vf.sseuj  or  THE  UsiTSD  Statu  Navt. 
Niagara  (acrev)  

>•   •  «•• 


It 


PerfoviBtiiM  in  ipkwIIi  witsp 

Orilinarv  rirtunl 
ste&m  aloue 


at  AM  under 


Ditto  ditto,  item  aad  tgiuuwMdl  oomUned 

Ditto  ditto,  Bleam  and  roro-and-aft  nils.. 


H      •  •  Mean  of  the  ahoTo  aea  pedbrmanoe. 


(teraip) 


It 
n 


Ybsskls  op 
Battler  (Mnw).. 


BoMK  Katt* 


M 

I* 
If 


Diideiii  (aotaw). 


I* 

n 
t* 
n 
n 


DosnB  ((K-rew)  

(\\  itli  common  screw)  

(ooiumoii  BcriJHr  mcreascd  to  20) 
(DiUo,  with  two  fofenoft 

cut  off)  Ditto 

(Ditto,  ^-iih  four  oonun cut  off) ...  Ditto 

(GrifBthB'  w  row)  Ditto 

(Ditto    lilt  .)   ,  Ditto 

(Ditto   ditW)   Ditto 


♦» 
»» 
f» 

i» 
I* 
II 


Marlboffoagli  (mnw)  

(with  liaU'.boiUi0r  pomr) 


H 


Perfomaanoe  in  nnooth  water  

Ordinary  perfornianro  at  sea  under  steam 

alone   

Ditto  ditto,  steam  and  sail  combiDed  

Mean  of  Uae  abcm  Ma  perfonnaiwei   


On  trial,  Thames,  Seyit  f.,  1844 
Ditto        ditto    Jan.  1846  ... 
Ditto       ditto    Sept.  5, 1851 
Ditto       ditto   Sept  6, 1851 


Ditto.  StokM  Baj,  Oet  SO,  18S7  

Ditto  ditto  Oct.  21,  „  ^, 
Ditto  ditto  Not.  7,  „  .. 
Ditto  ditto  Dec.  1.  „  .. 
Ditto  diUo  Jan.  1,  1858  .. 
iDitto        ditto        April  IC,  1858 


Dittos  Stokes  Bay,  May  27,  1850, 
Ditto  ditto  Aj  ril  21,  „  . 
Ditto      ditto       ilttj  5, 


ditto 
ditto 
ditto 

ditto 
ditto 


Ua'y  -Si, 
May  25, 
May  27, 
Juno  3, 


II 


» 
** 
It 
II 


n 


Mersey  (^^crew) 


Ditto,  Stokes  Bay,  June  1,  1850 
Ditto     ditto      June  2,  „ 
Ditto     ditto     June  2,  „ 
Ditto     ditto      Haj28k  „ 


Ditto,  Stoket  Baj,  Mttvh  23;  1850 


Benown  (screw)   Ditto,  Stoke*  Bay,  April  19,  185R 

Ditto,  between  Sliecruess  and  Nore,  Oe- 
toher  5, 18o7  •••••■•*•«»«•• 


II 


It 
ti 
ti 


Ditto,  botwocn  Sheemesa  and  Sunk  Light, 
October  5,  18^37  

Ditto,  between  ShoemeMiadfiwiin  BCiddle, 

October  .30,  1?*37     14-573 

Ditto,  down  timfiwim,  Oetober  Ik),  lSb7  ...1 14*573 


s-oe 

11*61 

8-55 
»75 

7-948 

5597 
8268 


11-605 

n-104 
lo-m 

18*80 
1343 

13-54 
13-72 

1370 
13-82 

14133 

13-520 

13-  623 

\3m 

13h37 
13  808 

1 1 1:!0 

14-  U06 

1294 
1292 
10-68 
1944 

15-  31 
li902 
12533 

12  5,13 


i 

n 


7im 


7-  4SS 
8'4fi9 

6-900 

4-859 
7  1/7 

8-  fii6 


10074 
9-639 
9-779 
9-141 

11-633 

11-661 
11-754 

11-  912 

19-003 

12-  26 

11  823 
U-826 

12  048 
12  012 
11-981 
12  266 
12158 

11-217 
8'919 

low 

13-  290 

11-  2 
10-88 

10-88 

12G5 

12-  65 
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power  and  theGratc,  tlio  Tube,  tlip  other  In^atine^  and  totallieating  surfaces  and  the 
faces,  and  bctwn  ii  tin  indicated  Horse-power  and  ihc  Coal  consumetl. 


1 
i 

9  ^ 

ik 

2  o 

Si 

t    2  a 

1  r 

8  L 

'•5  e 

?  ¥ 

!  C 

il 

5^ 

II 

^  o 

ll 

II 

c  8  1^ 
»•  o  t 
ISi 
•5§§ 

I- 

tu 

■h 

■ 

-  fl  1 

5-2  g, 
SSI 
o  5  § 

«  • 

1^ 

H 

JC  Jt 

*"  R. 

O 

«2 

(2 

a  Q 
'^S 

M  m 

Is 
si 

u 

h 

•§  .* 
V  5  e 

*■      i  r*t 

?.£  E, 

5  ^  i 

h  w 

*• 

r-  3 

E  « 

ll* 

It- 

*s 
a 

« 

1 

ll 

«e 

1 

Ibfl. 

700 

*868 

9>798 

•247 

6  556 

2-192 

8^748 

35  336 

•334 

3529 

879-2S 

700 

•796 

1-256 

•554  14  577 

4  873 

19-451 

35*336 

AA  M 

•334 

4-617 

41-813 

9  058 

773-65 

700 

•905 

1105 

•025  16-567 

5  538  22-107 

35-336 

-.'134 

4-904 

42-743 

8-716 

837*31 

700 

•836 

11 9G 

•578  15-308 

51 17  '20  420 

35  336 

•334 

4-987 

42-15G 

8  452 

824-48 

700 

•819 

1178 

■587 

1 

5*546 

5-197 

20744 

35-336 

•334 

4-790 

42-269 

8-597 

«•  • 

•  •  • 

•  •  • 

•361 

] 

r 

10-280 

10  281 

28-448 

•  •  t 

4029 

168^81 

•  •• 

•514 

J. 

14*661 

14-661 

28448 

4-401 

149-61 

•  •  • 

•  •  • 

•  •  • 

•588 

ll 

16-543 

16-543 

28-448 

•  •  t 

4-491 

182'M 

•  •  • 

•  •  « 

535 

J 

15227 

15227 

28^448 

•  •  » 

4-429 

428 

AAA 

200 

•467 

2- 140 

4S6'7 

AAA 

900 

•458 

9*184 

499-2 

200 

-  -401 

2-490 

519*2 

200 

•385 

2-596 

2324-42 

AAA 

800 

•344 

2  906 

•234 

5131 

•991 

6122 

2616 

•193 

2325-96 

800 

•343 

2-907 

•234 

5-035 

6-023 

26  16 

-193 

2663*60 

800 

•300 

3-330 

•204 

4*478 

-865 

5343 

261 6 

•193 

2587-50 

800 

•309 

.•J -234 

•210 

4-009 

5-503 

•20- 10 

•193 

2685  04 

800 

•298 

;j-35(J 

•203 

4  441 

•858 

5-299 

20  10 

•193 

2979 

80U 

■26H 

3  724 

•183:  4  004 

•773 

4-777 

20^  10 

•193 

3091 

800 

•2')  9 

3-801 

•170 

• 

26-47 

29^1-2 

bOO 

-278 

3-6o2 

•186 

•  •  • 

•I- 929 

26^47 

S788-4 

800 

•287 

3-486 

•195 

•  •  • 

•  •  • 

5164 

2647 

800 

•278 

3-606 

•189 

•  t  • 

*  •  • 

4-992 

26*47 

29-20;}2 

800 

•274 

3-650 

•186 

•  •  t 

•  t  • 

4-931 

2647 

282.1(5 

800 

•283 

3532 

•192 

•  •  • 

•  •  • 

5  096 

•26  47 

309M 

84M> 

•259 

3-864 

•176 

t  •  • 

«  ■  • 

4-658 

26  47 

3009  03 

800 

•266 

3761 

•188 

•  «  • 

« •  * 

4-786 

2647 

8022 

800 

•265 

3778 

•180 

3-947 

-762 

4709 

26  16 

•193 

3W>4'26 

800 

•262 

3818 

■178 

3905 

•764 

4  659 

26*  16 

•193 

1722-08 

800 

•465 

2  153 

•316 

6-926 

1-338 

8264 

26^  10 

•193 

Zt  oo^f\ 

•292 

3-424 

•199 

4-355 

•841 

5196 

2616 

•193 

4044 

1000 

•947 

4-044 

•168 

3-702 

•736 

4438 

2640 

•198 

3183 

800 

*951 

3-979 

•171 

» 

4524 

26  47 

2864-75 

800 

•280 

3-581 

•190 

5  027 

26-47 

2759'95 

800 

•990 

S*450 

-197 

5218 

26  47 

2837-36 

800 

•282 

3547 

•192 

■  •  • 

5  075  26^47 

9793 

800 

•286 

3491 

•195 

5  1 56  26  47 

1 
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Table  {cojitinued). 


I 


i 

a 


faer«w)   

„      (with  half-boiler  power) 


Ontrhd,  Stokos  Bar,  March  15^  1658  13  167 


Ditto 
Ditto 


ditto 
ditto 


ISlarch  16, 
April  19, 


>» 


OrUndo  (acrew) 


»» 


Ditto.  Ph  mouth.  Augtist  21!.  IS.'.O   

Ditto,  out«ide  Breakwater,  Oct.  7,  .. 


Atgorine  (lorew)  ... 

LsTen  (tdMir)   

l4Be(aor«ir)   

Staney  

Eljing  flflh  (ecrew) 


» 

ti 
ft 
ff 


Ditto,  Stoket  Bay*  Apiil  9»  1858 
Ditto,  Slotm  Bsy,  April  29. 1858 
Dittos  Stokes  Baj,  AprU  13, 1S58 
Ditto,  Stoh«  Baj,  April  28, 1868 
Ditto,  Stokes  Bky,  Jttne  2Q,  1868 

Ditto  ditto  June  30,  n 

Ditto  ditto  July  2, 

Ditto  ditto  July  <!, 

Ditto  ditto  July  8, 

Ditto  ditto  July  10,  „ 


10  535 
13*611 

14-97 
1516 

10-71 

10-98 

1068 

10-77 


II 
II 


...  IS-52 

...  1243 
...  li-70 
...  12-56 

...  12  71 
... 


JiaMW«tt(i 

tl 


Ditto  in  Baain  (Kojham),  Mar.  28,  1859 
Ditto  outside  Break wat<?r  (Kcyham)  M.'iT4. 
1850    "... 


Virago  (paddle). 


Hydra  (paddle)..,.. 


If 


Ditto  ill  Basin  ^Frvliam),  Sept.  C,  18r>8  .. 
Ditto  outside  Bivuk water,  Sepi.  18,  185U... 
Ditto  in  Buin  (Keijliiiii),  6^  1, 1860 ... 

Ditto  between  Shemieas  and  Sunk  Lights 
March  23, 1858   

Ditto  outftide  Breakwater  (Kej^haiiiX  Ho- 
rembcr  8,  1858   .......... 


Centaur  (piddle) 
Lidaaliy  (MHnr) 


Ditto  in  Basin  (lveyli:iili\  July  13, 1850  ... 
Ditto  outaido  Breakwater,  Oct  22, 


tl 


SuUfindl  (screw) 
„  (Griflltli's 

diiMdblMlea 

(Ditto  ditto 
(Lowe's  propeller) 
[Ditto  ditto) 


pro|^elJ«r, 


........ 


M 
M 
II 
If 

•I 
I* 


with  in- 
ditto)'- 


Ditto  Long  "Roach.  Jan.  12,  1858 
Ditto  Lower  Hope,  Aug.  24,  1858 

Ditto.  Low«r  Hope^  Maioh  6, 1856 


(Medwin's  propeller) 

(Ditto  rt'duocd)  ,  Ditto 

(PhilpH  prouoUcr)   Ditto 

(Ditto       ditto)   (Ditto 


Ditto       ditto      Jane  24,  1857.. 
Ditto       ditto      June  20,  „ 
Ditto       ditto       Sept.  10.   „  .. 
Ditto       ditto       Marclj  20.  1858 

Ditto,  Stokes  Bay,  .Tulv  8,  \^>'d   

1859  


(Hinch's  propeller 
(Ditto  dStto).^ 


Ditto 
Ditto 


ditto 
diUu 
ditto 
ditto 
ditto 


Miircii 
July  1, 
Sept.  27, 
Oct.  1.^, 
Feb.  24, 


II 
II 

It 

H 


11  43 

9  145 
11-815 

13  004) 

o-aoo 

9-270 
9270 
9-S50 

10  794 
11025 
10M 

n  a?8 

11-5S6 


11*60 

10-068 

•  •  • 

•  •  • 

•  •  • 

8-41 

•  •• 

7-800 

10-50 

9)20 

10-13 

8800 

971 

£•423 

9-36 

1-121 

8-57 

7-442 

983 

8  534 

930 

8(»r3 

835 

7-249 

920 

7-989 

877 

»'23 

8  015 

7-88 

6-84^ 
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Table  (fatUmutd). 


MRRCHAirr  Vbsskls. 
.AngUa  (piddl*)  ,  


C&nibria  (paddle) 

SootwdMcUk)  

Telegraph  (paddle) 
Atrato  (paddle)  


It 

M 


IfMwy  (paddk)  ... 
PanmatU  (paddle) 
(paddle)... 


Oneida  (wrew)  

UUao  (paddle)  

Linw  (paddle)   


Yalparaiflo  (paddle) 

Bogota  (paddle)  

Saa  Oarloe  (aomr) 

Guayaquil  (screw) . . . 


C&dine  (screw) 


ft 


Mean  of  six  special  tripe  on  ordinary 

service  between  ITciIvhead  and  Kings- 
town, 2lHh  September  to  lird  October, 
1864  


Ditto  ditto,  2-2m\  to  2(jth  Mar,  1856  ... 
Ditto  dittob  17th  (o2iat  May,  1855  ... 
Ditto  of  two  tripa,Sg(li  May.  1865  


4 

«< 

0 

I 


On  trial,  Stokes  Bay.  March  13.  1S.>1.... 
Ditto         ditto     January  22, 1857  ... 
Ditto         ditto     Kaioh4kl857  .... 


Ditto,  Stokee  Bay,  April  21. 1869 
Ditto,  Stokes  liay.  June  7, 1859  .. 


Ditto,  Fritli  of  nrdo.  July  8, 1860. 
Ditto,  Stokee  £ay,'  Auguet  1,    „  . 


14-W 

14-07 
15  68 
U44 

I5*8G 

•  •  • 

16*81 

16^ 

1601 
16-60 


Ditto.  SfeokM  Bij.  Jane  16^  1866  

Ditto,  Stokes  Buy,  July  27,  1808  

Ditto.  Qlaigow  to  liTerpool,  Oot.22, 1858. 

Ditto,  XiTerpool  Co  Eiiunhmn,  Maj  20, 
1859  

Ditto  in  Oie  Clyde.  Sept  16,1850   

Ditto,  Giai^ovv  to  Liverpool,  Sept.  22, 18o9.  U-40 

Ditto  in  tbe  Mawey,  Feliniaiy  20^  1860 

Ditto,  Glauwir  to  laTerpool,  Uarah  22, 
1860,  


Holyhead  to  Mnll  of  Oantyns,  July  29, 30. 


Run  in  Lochs  NetB  and  Lochy,  0<^  26. 
27.28.1858   


Kfiiiiaia  (^K-rcw)   *  Ditto  in  Stokes  Bu^',  OcL  12,  lSo8 

John  Venn  (]^'^i'}}c)  ^Ditto,  Lo^v-r  IFopf,  Fob.  0,  18C0... 


i 

B 

M 


1M7 

12-81 
18-61 
IM 

13771 


«e* 


18-286 

13-951 

13-  898 

14-  412 


16^ 

14« 

14-86 

12-9 

|l4-86 

12-90 

13-82 

1200 

18-28 

11-68 

U-40 

12  50 

13*64 

11*76 

18-88 

ItW 

10-67 

9-26 

1 

11-49 

9-97 

9-48 

8*23 

6-87 

5-96 

17-63 
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Appendix  V. — Letter  from  Mr,  Arcbbold,  EDgineer-iu-Ctiief,  U.  S.  Navy. 

Offirr  of  Eiigincor-iti-rhief, 

Wasbiir-toii,  D.C.  May  12th. 

Sir, — I  ha%'e  the  honour  to  transmit  herewith,  an  abstract  oi  the  pes  lunu- 
ance  of  the  U.  S.  Steaui-slu:}p  '  Wyoming/  under  steam  alone,  and  under 
uteam  and  miL,  on  the  passage  from  Philadelphia  to  Valparaiso^  Chilii  eoU 
lated  from  the  logs  of  the  ragiaeer  department  of  the  ship. 

I  am  unable  to  give  you  any  account  of  her  performances  under  sail  alone, 
as  in  these  logs  no  note  of  the  sail  is  made  when  not  under  steam,  and  the 
ships  logs  are  not  sent  to  the  Navy  Departuieut  until  the  end  of  the  cruise. 
No  trial  of  the  ship  was  made  in  smooth  water  uninfluenced  by  sea  from 
which  any  data  of  valae  can  be  obtained*  We  do  not  try  our  ships  at  the 
measured  mile*  the  guarantees  required  of  the  contractors  of  the  machinery 
being  on  performances  at  soa,  and  for  an  extended  length  of  time.  The  re- 
sults for  each  day,  as  shown  by  the  n?)'^trarfs,  are  not  a."*sumcd  to  be  strictly 
Correct,  as  the  data  from  which  they  are  cah  ulated  are  taken  from  the  ordi- 
nary observations  of  the  engine-room,  subject  to  errors  and  inaccuracies 
unavoidable  when  the  observers  are  so  many,  on  duty  for  so  short  a  time, 
and  when  attention  is  necessatily  engrossed  for  the  greater  portion  of  the 
tinif  in  the  care  of  the  machinery.  I^nt  as  the  errors  are  as  likely  to  be  on 
the  one  side  of  the  truth  as  the  other,  the  average  and  means  will  not  be  far 
from  correct. 

Indicator  diagrams  were  not  found  in  the  logs  for  each  day,  which  will 
account  for  the  omissions  in  some  of  the  columns,  and  there  was  but  one  set 
taken  during  each  twenty-four  hours.  The  horse-power  for  the  day  was  cal- 
culated from  these  diagrams,  correcting  for  the  average  revolutions  for  the 

day  ;  af?d  tlip  Ik  rse-power  for  those  days  during  which  no  diagrams  were 
taken,  ii>  calculated  from  those  taken  on  days  when  the  circumstances  of  wind 
and  sea  were  at  nearly  similar  aa  could  be  found.  The  force  of  wind  is 
expressed  in  our  logs  by  numbers,  as  follows: — 0,  for  calm;  1,  tight  air; 
S,  light  breeze;  S,  gentle  breeze;  4,  moderate  breeze;  5,  fresh  topgallant 
breeze;  6,  strong  single-reefed  topgiail  breeze;  7,  moderate  gale,  or  double- 
reefed  topsails ;  8.  rre:*h  gale,  or  three-reeled  topsails ;  9,  strong  gale,  or 
close-reefed  topsails  and  reeled  courses ;  10,  heavy  gale,  or  close-reefed 
maintopsaili  and  reefed  trysails;  1]»  storm  trysails,  or  storm ataysails ;  12, 
hurricane,  or  when  no  sail  would  stand. 

In  the  colunm  headed  "cut-off,"  the  figures  indicate  the  distance  in  inchea 
the  steam  followed  tlie  piston. 

The  apparent  discrepancy  in  the  consumption  of  coal  for  the  days  between 
October  25  and  SI  inclusive,  and  some  of  the  columns  of  which  the  coal 
was  the  dividend,  arises  firom  the  distilling  apparatus  having  been  in  use, 
making  fresh  water  for  ship*s  use;  the  amount  of  fuel  due  to  the  water 
freshened  having  been  dedurtcd  beff-re  dividing.  It  should  be  remarked,  in 
justice  to  our  system  of  surfaee  condetisin*^,  that  the  vacuum  shown  by  these 
abstracts  is  not  so  good  by  from  10  to  12  per  cent,  as  has  been  obtained  by 
the  same  engines  on  former  occasions,  or  by  condensers  of  the  same  class  in 
other  ahtpa. 

I  trust  you  will  find  in  the  abstracts  everything  necessary  to  the  object 
you  have  in  view,  and  you  may  depend  upon  the  truthfulness  of  the  result 
as  nearly  as  tliey  eould  be  obtained  from  the  data  we  have  before  us.  We 
have,  in  common  with  your  Association,  felt  the  want  of  systematized 
authentic  information  upon  steam-ship  performance,  and  should  nel  obliged 
by  the  receipt  of  any  facta  in  relation  to  any  of  your  modem  vtasels  of  war» 
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which  the  plan  you  have  organirrr!  ha«5  developed;  in  return  for  whiob  w© 
shall  be  happy  to  render  furtiier  service  it  desired. 

I  have  the  honour  to  he,  Sir, 
Your  obedient  8ervwil> 

Samuel  Archbold, 

^^icC' Admiral  C.  7?.  Moormm^ 
Chairman  of  tJ*e  CotmnUUe  on  ti^team-thip  PerJarmaMe^  JUritish  AuoeiaUmi, 


JJescnption  and  dimensimu  of  the  MuUt  Engines,  and 
Boilers  of  UniUd  States  Sloop  *  Wyoming: 


1».  ut« 

Length  over  all   232  9 

Length  on  ^^pnr  deck    209  9 

Lengtli  between  perpendiculars   198  6 

Length  of  keel  from  back  partof  forwanl  stem  post          158  0 

Width  of  beam,  moulded   82  H 

Width  of  beam,  extreme   S3  0 

Drpth  of  hoi  I    15  10 

Space  allotted  to  machiruTy   50  8 

Draft  of  water  Hoaded)  forward   13  S 

Draft  of  water  (loaded)  aft   18  4 

Area  of  immersed  midship  section  •   iq.  891  0 

tons. 

Displacement    1475 

Tonnage   997 

Meao  angle  of  entraoce    IT**  80* 

Mean  angle  of  exit    15^  80' 


Engines. 

Two  in  number,  horizontal,  with  double  pi«ton  rods,  and  direct-acting} 
slide  yalvesi  and  independent  cot'Off  vaWeSf  and  situated  76  feet 6  Inches  ftom 
screw.   One  surface  condenser  common  to  both  enginesi  containing  8000 


square  feet  of  tube^urface* 

ft.  in. 

Cylinder,  not  jacketed,  diameter                   4  2 

Cylinder,  stroke  of  piston   ...»          %  6 

Tlic  air-pump  (one  tu  each  engine)  is  worked  directly  from  the  cross-bead, 


and  consequently  has  the  same  stroke  as  the  steam^iston.  Its  piston  ia  a 

barrel  plunger,  packed  by  a  gland  in  the  centre  of  the  pomp*  The  foot 
valves  of  vulcanized  rubber  are  situated  beneath  the  {dttnger^  and  the  dali- 


veries  above  it. 

Capacity  of  air-pump,  one  revolution   cubic     8  8 

Area  of  fout  valves,  one  end    aq«  179  B 

Area  of  delivery  valves^  one  end    aq.  870  0 


There  is  also  a  cold  water  circulating  pump  to  each  engine  of  lha  same 
dimensions  as  the  air>pump. 

BoiLBBt. 

Three  boilers^  with  vertical  water  simce  tubes  over  the  Ihraaces*  Shells  of 
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iron,  tubes  of  brass,  plarrd  two  on  one  side  of  llio  <liip  (of  ^vliicli  one  con- 
sists of  a  single  iuiuacc  uiid  is  u^ed  as  an  auxiliary  ur  "  donkey,"  and  to  sup« 
ply  the  deficiency  of  freih  water  caused  by  leakage,  &c.)  and  one  on  the 
other  side>  factng  each  other,  with  a  fire-room  fore  aod  aft  between  them. 

ft.  in. 

Length  of  boiler    24  9 

Breadth,  including  fire-room    29  0 

Depth,  exclusive  of  steam  drum   tO  2 

Depth,  inclusive  of  steam  dram  10  ii.  diameter   ]4  2 

Fire-room,  length  •*   24<  9 

Tire-room,  width   8  6 

Heating  surface  in  all  boilers   7890  0 

Tttlies,  in  length    2  7\ 

Tubes,  internal  diameter  ,   0  2 

Tubes^  in  number   4880 


Furnaces. 

ft.  in. 

Breadth,  except  **  donkey,"  which  is  2  ft.  6  in   3  o 

t«ength    5  10 

Area  of  all  grates                                                        iq,  2i2  0 

Smoke-pipe,  one  telescopic,  height  when  up  (above  grate)  ...  52  0 

Diameter   6  10 

Area                                                                        sq.  36  7 

Lmst  area  between  tubes  in  all  boilers                            sq.  35  65 

ton?*. 

Weight  of  boilers   7  ^'75 

Weight  of  water  in  boilers  ,   4- 1 '37 

ft.  in. 

Cttbie  contents  of  water  space   1484  O 

Cubic  contents  of  steam  ppace   13I  S  0 

CoTjfonls  of  rnTii!>nstion  chamber,  each  furnace   6183  0 

Distance  ot  fire-bars  from  top  of  funtarc    g  q 

Distance  of  fire-bars  from  a^h-pit    |  4 


PiiOPELLi.R|  one  true  screw  of  brass. 

ft.  io. 

Number  of  bladi  g    ,„,,   4  0 

Diameter  of  screw   «...•.   12  13 

Diauieter  of  bo.>^s   I  9^ 

Pitch   19  0 

Length    8  6 

Projected  area  at  right  angles  of  axis   » q.  41'S6 

Total  weight  of  nuu  hincry,  ^pars,       with  water  io  boilers  tons  227 

Carries  235  tons  Autltracitc  coal. 


Tlie  coal  used  was  Blackheath  Antliracite  of  the  hardest  variety.  Its 

analysis,  as  given  by  Professor  Jolinson,  is — carbon,  92*12;  water,  hydrogen, 
and  volatile  matter,  4'83 ;  ashes,  A;c.,  3*05.   Specific  gravity  1*477. 
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Interim  Report  en  the  Gaiu(fing  qf-JVater  by  Triangular  Netchee. 

2  Donegal  Square  West,  Belfast, 
23rd  June,  1860. 

Dear  Sir, — Willi  rcftreiicc  to  llio  r\prriiiR-nt:«  on  the  gaugin/z  wator 
by  its  How  in  triangular  iiotclie^,  autiiorized  by  tlie  General  CouuuutL-c  at 
AbeideeD)  I  have  to  report,  for  the  inrormation  of  (be  Assoeiatioo,  that,  a< 
they  have  to  be  carried  on  in  the  open  air  in  a  field  adjac(>nt  to  a  waterfall 
at  several  miles  distance  from  home,  and  as  they  require  the  fornriation  of 
ponds  and  the  construction  of  jiieasiiiing  tanks,  f^Uiices,  &c.,  and  involve 
careful  and  repeated  observations  continued  often  through  whole  dayj^,  line 
summer  weather  free  from  both  rain  and  wind  is  almost  quite  essential,  and 
winter  weather  U  peculiarly  unsuitable.  For  these  reasons,  and  on  aceoant 
of  niy  duties  at  Queen's  College  here,  I  could  not  enter  on  the  construction 
of  the  experimental  works  until  the  close  of  tlie  College  Session,  which 
ccnirrrd  ofdv  on  the  9th  inst,  I  have  now,  however,  got  the  principal  parts 
of  the  works  constructed,  and  have  gut  preliminary  trials  made,  but  I  have 
found  it  impossible  to  have  the  6nal  experiments  ready  for  the  very  early 
Meeting  of  the  Association  which  occurs  in  the  present  year^  For  these 
experiments  a  grant  of  dClO  was  placed  at  my  disposal;  and  in  order  to  meet 
the  costs  already  incurred,  of  which  «?onie,  from  the  nnture  of  the  case,  are  at 
present  uncertain,  I  now  apply  to  the  Treasurer  for  the  whole  amount  of  the 
grant,  for  which  I  shall  account  at  next  years  Meeting,  giving  at  that  meet- 
ing my  report  on  the  experiments  now  in  progress. 

I  am»  dear  Sir,  yours  fiuthfully, 

Jambs  Tuouson. 

To  John  PhiUip'^,  Esr/.,  LL.D.,  F.7?. .S'., 
AisUtcmi  General  SecrtUart/f  UrUUh  Afsociatum* 


IM  of  the  Britieh  Marine  Invertebrate  Fatma. 

[For  the  Prcdging  Committee  of  the  13ritieh  Aiseodatioii.] 

NOTICE. 

The  following  lists  have  been  prepared  in  conformity  with  the  desire  of  the 
Committee  of  the  Natural  Hbtory  Section  of  the  British  Association  for  the 

Advancement  of  Science,  which,  at  my  suggestion,  recommended  the  appoint- 
ment o(  a  general  Dredging  Committee^  with  a  liberal  grant  of  money  for 
the  carrying  otit  of  its  objects. 

It  is  intetided  to  place  these  lists  in  the  hands  of  the  local  Dredging  Com- 
mittees and  naturalists  engaged  in  researehesin  the  most  important  districts 
of  the  coasts  of  Great  Britain  and  Ireland*  with  a  request  that  they  may  be 
returned,  with  notes  on  the  conditions  under  wliich  each  species  of  the  par* 
ticular  di>triet  lias  been  found,  and  memoranda  of  such  additional  species  iis 
may  be  obtaintd.  liy  this  means  it  is  hoped  to  collect  local  lists  of  great 
interest,  and  materials  for  a  more  complete  catalogue  of  the  Invertcbiatc 
Fauna  of  the  British  Seas.  In  the  preparation  of  the  present  lists,  I  have 
been  assisted  by  Dr.  Baird  and  Mr.  o.  Woodward  and  other  members  of  the 
Dredging  Committee.  The  catalogue  of  Mollu^ca  is  taken  from  the  work 
of  Messrs.  Forbes  and  Hanley;  that  of  Criistacea  has  been  obligingly  fur- 
nished by  Mr.  Spcoce  Bate;  of  Hadiata  by  Mr.  Stuart,  of  the  Royal  College 
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of  Surgeons;  of  Sponges  by  Dr.  Bowerbank;  of  Rhizopoda  by  Mesjirs. 
Rupert  Jones  and  Parker;  and  to  Dr.  J.  E.  Gray  I  am  indebted  for  (lermis- 
sioD  to  extract  the  list  of  Annelida  from  an  unpubli:»lied  work  by  the  late 
Dr.  JohiMtoo,  of  Berwick-upoo-Tweed. 

ROBERT  M<ANDREW. 

Uewmih  Houm^  Feb.  10, 1860. 

The  nomenolatitre  and  arrangement  are  taken  (with  a  few  aligfat  modifieetioiia) 
from  the  "British  Mo!luf»ca  "  of  Messrs.  F(>rl>fa  nnd  Hanley. 

i^f  The  species  marked  wiih  an  asterisk  L&vi)  bven  recorded  aa  iintisti  siuoe  the  time 
when  Mr.  Barrett  prepanMl  the  foUowuig  list. 


Octopu*,  C>nn«r. 

vulgaris,  Lam. 
Bledone,  Leach. 

octoiiodin,  Penn, 
Bowia,  Owen. 

Owenii,  Ball. 

macrofloma,  Dtli$  Ckidfft, 
Sepiok,  Zeack. 


CEPHALOPODA. 

Allan tioa,  jyOrbignif. 
Ommastrephes,  D'  Orlnyny. 

aaffiUatun.  T.uin. 

todarus,  DtVe  Ckitff€. 

Eblanip,  Ba/J. 
LoUgo,  Lamarck. 

Tu^ia,  (Forbeai, 


Tnpfli.i.  Liitn. 

iaanuur;c,  Verang  (media, 
mr.). 
Sepia,  LinfttTHs. 
officiiiuli!^.  LinfK 
eJ»'gan8,  m. 

hiierialiti,  Mmffoti, 


Morex,  Linnmts. 

erinaoeud,  Lmn. 

emaUiiiUA,  Scacchi. 
Trophon,  Montfort. 

clathratus,  Lmn. 

muricatus,  M'nf. 

Bnrvieensis,  Johulton^ 
Fuaua,  Lamarck, 

gracilis,  2te  CoKta, 

propitiquu-,  AMrr. 

iiermcienflis,  King. 

DaleiJ^  Sowerhm,  ^ 

fusiformiifi.  Hroder^, 

•ntiquus,  lann. 

Nonregioiis,  Chemn, 

Turtoiii,  Bttin. 
Buocinum,  Linnttus. 
wndatciiii,  JAtt%* 
niunphreaianain*  Bmmttk 

retioiihita»  lAnn. 

pjgmeea.  Lamarck. 

incraAsata,  Miiller, 
Purpura,  Lamarck. 

lapiUua,  Linn, 
Columbclla,  Lam, 

nana,  Lovfn. 
M**»g****,  Leach. 

attennnta.  Munf. 

oofltala.  Pennant. 

braobyitoma,  PhiUppi. 
*Oinnaniana,  Phil^pL 

Crilis,  Mont. 
ifroyi.  Michemi, 
linearis,  Mont. 
nebula,  Mont, 
purpurea,  MmL 
mfe,  Mont, 


GASTEROPODA. 

Order  PROSOJBRANCHIAXA 

septangplaris,  Mont. 
Btriolata,  Scacchi. 
teres,  Forbcjt. 
Trevplliana,  Ti>rton. 
turricula,  Muut. 
Tmt^tmn,  Risao. 

minima.  Mnnf. 
Margixieiin,  Lamarck. 

Uevis,  Donovan. 
Ovula,  Liiiiiari  Jc. 
patuia,  Pennant. 
1  eemninata,  BmgmSkt, 
Cyrir;«  a,  Linneeus. 

Kuropo^a,  Mont, 
Natica,  Lamarck. 

iiHiniliftTM,  iMmatck, 
uitida,  Donovan. 
mtm^PkOippL 
Montagui,  Fortfcs. 
heliooidcs,  JolmaioH. 
ptuilia,  Say. 
Kingii,  Forbes. 
Lamellaria,  Montagu. 
perspicua.  Linn. 
tenlaculata,  Mont, 
Telutina,  Fleming. 
flcxilis,  Mont. 
Urrigata.  Luan. 
fOtina,  Gray. 

otis.  Tit r ton. 
Tricbotropis,  Broderip. 

borcalia,  Brod. 
•Triton,  Lamarck. 
cutaoeus,  Lam. 
nodifmiA,  Lam. 
Cerithiopais^  For  be*  A*  Hanlw. 
•Naiiidiir>ee^. 
*taiTee»  J^, 


♦pulchclia.  Jtf^r. 
tuberculariis  Mont. 
Odostomia,  Fkmmg. 
acuta,  •hff'rnp. 
alba,  Jejfnjvf. 
conoidea*  Snccht. 
conspiriin,  Ahifr. 
cyiiudi'ica.  Aider. 
decussata,  Mont. 
dolioliforniis,  Jefffir^ft, 
dubio,  Jeffreug. 
•dimoMka,  Hanley, 

glabrata,  Muiujcldt. 
Qolsoiue,  CXark. 

insculpta,  Mont. 
interstiiicta,  Mont. 
miiittta,  Jeffrey*, 

nitifla.  Aldtr. 
obiiqua,  Ald&r, 
pallida,  Moni, 
pbcata,  Mont. 
rissoides,  Ha$d^. 
spirabs,  Mont. 
Btriolata,  Alder. 
trutieatiil.i,  Jtffreyt. 
viiiiilt  iitata,  Mont. 
Warrenii,  Thomfton. 
•Lukisii,  Jeffr. 
EubmcUa,  Forltcf. 
a*'i(  ula,  I'hilippi. 
affini!*,  I'hilij'pi. 
clavula.  />" !  li. 
flcilUi",  S)  atxhi. 
Chemnitzin.  D'Orhiffng. 
claLbrata,  JeXf  'reui. 
elegantisiioia,  Momt, 
feneetmti,  Ji^ffrtjft, 
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formosa,  Jeffrrva. 
fulvocincta,  Tlumpt. 
indutincta,  Mont. 

nifcsccns,  torhes. 
sculari.i,  I'AiUjfpi. 
cxiniiu,  Jeffftjf$, 
Sulitua,  /I'/xw. 
poliUt,  Linn. 
distorta.  Dr^haym. 
Bubiilata,  Donovan, 
biliiieula,  Aldrr. 
^tenostotna,  Hanbjf. 

Turtoni,  Brodcrip. 
Cerithium,  Bruguttrt. 

metula,  Loven. 
reticuktum,  Da  Costa, 

*nivtnxni,  J(,^r. 
Aporrbau,  Atdrovandus. 
poa-cftrixnui,  29i  vM^Nfaf  f> 

pes-poleoani,  Linn, 
Turritella,  Lamarck, 

eommtmia,  Rim, 
Aclifl,  LovHt. 

ascaris,  Turton, 

snpnmitida,  8,  Wo9iL 

?  unica,  Mont. 

nitidiflsitna,  Mont. 
Ceecum,  Fleming. 

trachea,  Mcn'f. 

glabmin,  Mont. 
Scalaria,  Lamarck. 

Turtoni,  Turton. 

communis,  Lmnttrck. 

clathnitula,  Mant. 

Qrcenlandica,  ChenmiU. 

Trevelvana,  Leach* 
Skenea,  Fleming. 

?  costulata,  MiUler. 

?lrvi'<  J'hilipni. 

plauarbis,  Faor. 

7  nilidiamiiia,  Aimm, 

?  rota.  Forhr$. 
TruQcateila,  Etsso. 

Montagoi,  Lowe, 
Jeffrevsia,  Afihr. 

ojp&Uxia,  Jeffreyi. 

diaptmiia,  AJuuet. 

globiilaris.  'hfCf^^y** 
Kiaeoa,  Frinummlle. 
•Alderi  -hfr. 

abyssicola.  For^tea. 

anatina,  Drap. 

Beanii,  Hanlrj/. 

calnthus.  Ft/r^>fi>. 

dogillua,  MorU, 


costata,  Adams. 
coBtulata,  Riaao. 
crenulata,  Mkhaud. 
ftdgida,  Adams. 
inconspicua,  Alder» 
l;ibio^^a,  Mont. 
lactea,  Mickaud. 
litton-n,  Ddlc  ChuQt, 
luuriatica,  Luiu. 
paiTa,  Jkt  Coda. 

proxima,  Afdrr. 
pulclierrima,  Jeffreys. 
fmnctura,  Afbnf. 
rubra,  Adamx. 
rufilabrum,  Alder. 
soulpta,  PkUkmi, 
seniistriata,  Mont, 
auiut^  Vkiiippi, 
striata,  Mowt. 
■ttri  ■'■  Monf. 
uhae,  l*ennant. 
vminwa,  Monf. 
vitrea,  Monf. 
Zetlaodica,  Mont. 
kmSmmm,  ttaek. 

Gravaiia,  Lrtirh. 
Lacuna,  Turton, 

ofassioi*,  Moni, 

rincta,  Monf. 

puteoluM,  Turton, 

pallidula.  Da  Cotim, 
Litorina,  Femssac. 

fabalis,  T\irton. 

litoralis,  Linn. 

litorea.  Linn. 

noritoides.  Linn, 

tonebrofla,  Mont, 

palliata,  Sai/. 

patu!H,  .Ji  jltrri/fi. 

rudia,  Lou o van. 

saxatiliB,  Johnston. 
Adoorbis.  5>'.  JVo'xf. 

Bubcariaata,  Mont. 

dirioa,  Fleming. 
Troclm.'*,  Linn. 

alabast3*um,  Beck. 

eumnritas,  Linm. 

conulu",  IJnn 
exiguuB,  PuUenei/. 
gnmalatoB,  Bern. 
eraasus,  Pulten^  (linimtni, 

Da  Costa). 
TBB^oMf  Ltnn. 

mil  epran  us.  VhHippi, 
Montaguif  Gray. 
fltnatiM,  I/mn. 
turn  id  us,  ^fonf. 
umbilicatufli  Mont. 


lineatuo,  Da  C^sfa. 

zizjphinus,  Linn. 
Margsa*ita,  £«aeA. 

iindulata,  Soweriy, 

helicina,  Fahr. 

pusilla,  Jeffreys. 

Cutleriana,  Clark. 
Phasiauolla,  Lamarck, 

puUuB,  Linn. 

Tanthiw,  LamMti. 

cxigna,  Lamarck. 

oominunis.  Ijamarek. 

pallida.  Harrn/, 
SclS!«u^olh^  DOrbigny, 

cnspata,  Flemit^. 
Haliotiii,  lAnn, 

tuborcu'ata.  Linn. 
Emarginula,  Lamarck. 

rafiunilala,  J^.  Sow, 

ro«k^'a, 

craasa,  J.  Sow. 
Panotarell  a,  L<mc 

Noaohina.  Linn. 
Fiwureiia,  Lamarck. 

rrtiottlwfca,  Bonowut, 
Pileopf«ii*,  L,<nnarck. 

Hungaricufl,  Linn, 
Calyptrnia,  Lamarck, 

Sinensis,  Linn. 
Acmwa,  ^kachoUt, 

tastudinalis,  MvUer, 

virginoa,  MuVst, 
Patt'lla.  TAnnmis, 

rulgttta.  Linn. 

athh^tica,  Mem. 

pellueida,  Linn. 

Iieviti,  Pennant. 
Filicbum,  Forbes. 

fulvmn,  Midler. 
Fropiiulium,  Forf>e»  (Lepctaf 
Gr.). 

ancyloide,  Forbes. 
Dentalium,  Linnmu. 

entale,  XiffM. 

Tarentinum,  Litm, 
Chiton,  Linnttm. 

fiudenlaria,  ZAnm. 

discrcpans,  Brwm. 

Hanleyi,  Bvan. 

niboPi  JjtnH, 

cinereus.  Linn. 

albus,  Linn. 

aMrllm,  Ckemn. 

canccllfttus,  So9. 

laria,  Fennant, 

manaonnBt  O,  Fabr, 


Qrihr  OPIBTHOBRAKCHIiTA. 


Tornaiella,  Lamarck. 
fuitciata.  Linn, 

BuUai  Lamarck, 
hjdatiik  lAnn, 
CvandUii  LcaeA, 


Akera,  MUffer. 

bullata.  Linn. 
Cyiichna,  Lovin, 
cylindraoea,  AmmhiI. 
oonnlm^  ItoA. 


*I«yankaiTCana,  Baaterot: 
mamillata,  Philippi, 
nitidtUa,  LvUn, 
obtanai  Maai, 
itrigalla»  Lotfin. 
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truncata,  Arfmns. 

umbilicatn,  Mont. 
Ainphiii])livru.  Lotffn. 

liralina,  lurfou. 
Scaphauder,  Mon/fori. 

lignuittBi  XffPiff. 


(From  the 

Doriii^  Linn. 
tnbereuhta,  Cup. 

flammea.  A.  .S'  ff- 

2etiandica,  A.  if  H.  . 

millegrana,  A.  <f  H, 

Johnstoni,  A.  Sc  H. 

pianata,  A.  4"  It' 

ooccinea,  Forhe*. 

repanda,  A.  cf  JOT. 

aspera,  A.  if  H. 

proxima,  A.  4"  H. 

murioata,  Miill. 

Ulidiana,  Thmnp^. 

diaphunu,  A.  ^  //. 

oblonga,  A.  ^  H, 

bilamellatn.  L. 

depresaa,  A.  A-  H. 

inconspicun,  A.  ^ 

pUBtlK  A.  if  H. 

B|MirM,  A.  <f'  H. 

pilosa,  MvlU. 

Fubqnriflrata,  A.  4'  H, 
CK>uiudori»,  Forbes. 

ttodowii  Mont. 

cimtanea,  A.  Sf  H* 
Triopa,  Jokmttm. 

ola vigor,  IffiU, 
.^Igirua,  Lov4n. 

ptuotiluoeiu,  nOrb. 
TheoaMm,  FUming. 

I)ennigcra,  Mont. 

vircawnis,  A.  <f  JST, 

capitata,  A.  8f  £f. 
Polyocra,  ('"i  irr. 

quadrilineata,  MuU. 

ocellata,  A.  if  H. 

Lecaonii,  ly  Orb,  . 
Annila,  Lovin. 

eri(>tata,  Alder. 
Jd^LtueAart, 

HvalM,  Lamdn  k. 
Iriapinoaa,  Lcsueur. 


Ottrea,  Unnteu*, 

edulis,  Linn. 
Anouiia,  Linnents. 

atciileata,  Mwlkr. 

epliippium,  Linn., 

BtriiUa,  Luvln. 

pttaUifonnii,  lAiik 


Bullirn,  L'imnrck. 
aix^rtn,  Linn. 
quadrat  a,  S.  Wood* 
Bcabra,  Mtilhr, 
catena,  Mont. 
punctata,  Clark. 
pruincaa,  Clark, 


Apljdia,  Gmflin. 

hybrida,  Smp. 
Plcurobranclms.  Ctmer. 

plumula,  Mf^f. 

mombrauaoeua,  Mont. 
DipbjUidia,  Cbeter. 

liiiMte,  OMa. 


Order  NUDIBRANCITUTA. 
Monograph  of  ^rcs<<ir8.  Alder  and  Hanoock,  18o6.) 


elegants  i^ruck. 
Leaehii,  A.ifH. 

aspcroa.  A.  Sf  H. 
iiUDqualiSi  Forbes. 
polcnella,  A.icH. 

(jiuulricornis,  MokL 
Tritonia,  Cuvier. 
Hombergii.  Cuv. 
nlba.  A.  if  II. 

Itlobfiu,  JdhnnfoH. 
incata,  A.  if  H. 
St^lltea,  Linn. 

pelagiea,  Linn. 
IfOmauotus,  Vcrani/. 
marmoratua,  A.  if  S, 
flaridus,  A.  Sf  H. 
Dcudronotua,  A.  if  H. 

arborcaoeni^  JAML 
Polo,  Okni. 
fragilifl,  Forbex 
pumatifida.  Mont. 
coronata,  Miill. 
.^lis,  Cumer. 
papilloBa,  Linn. 
glauca,  A.  if  H. 
Alderi,  Cocks. 
eovonata,  Forlm. 
Pnininioiuli,  77*'»»|m 
puiicUta,  A.  if  JL 
elegans.  A.  if  ff, 

luieata,  Lot: 
■marngdina,  A.  if  H. 
pmrili-s  A.  ^"  H. 

Kllucida,  A.  if  ff. 
mdsburgii,  A.  if  ff, 
nlb«,  A.  A-  //. 
camea,  A.  if  H. 
glaucoid^  A.  if  H. 
Pea«^i,^^A 

PTEROPODA. 

Spin' ili?.  Ki/r?n]fx  S^^  Soulcjftt. 
I'lemin^i,  Forbca. 
JeflVejviif  F^n^bo, 
Uaeulndvei,  FMet, 


nana,  A.  if  H. 
Blipata,  A.ifH. 

angulata,  A.  i;  H. 
inoroata,  A.  ie  H. 
oondnna,  A.  tf  H. 

olivacca,  A.  if  H. 

aurantiaca,  A.  if  //. 

pustulata,  A.  if  U. 

Couchii,  Cock.'s. 

aincpna,  A.  Sf  H. 

Nortliuiubrica,  A.  i(  H. 

arenicola,  Forbes. 

GlottcnaiB,  A.  if  M, 

viridia,  Forbes. 

pmimraaccns,  Fiem. 

cingulata,  A.  if  S, 

rittata,  A.  if  H. 

csrulea,  Mont. 

picta,  A.  if  H. 

tricolor,  Forbes. 

ametiijstina,  A.  if  ff. 

Farmni,  A.  Sf  H. 

exigua,  A.  if  ff. 

deii^e^tt,  Jokntf. 
Emblotonia.  A.  Hi. 

pulchra,  A.  if  ff. 

minuta,  F.  Sf  G, 

pallida,  A.  if  ff, 
Fiona,  A.  if  ff. 

nolnlts,  A.  if  ff. 
Hermwa,  Lovm. 

bifida,  Mont. 

dendrHica,  A.  if  ff 
Aldcria,  AUman. 

mod^a,  Lovtn. 
Proctonottus  A.  if  ff. 

mucroniferus,  A.tfff. 
Antiopa,  A.  if  ff. 

cristata,  i^/.  Ch. 

b  jdina,  A.  ^  ff, 

Clio,  Miilkr. 
borealii,  Zif  ftn. 


LAMELLIBRANCHIATA. 


rtvteii,  0.  F.  Mailer. 
♦ftratua,  Gnttlin. 
Danicufi,  Ciemnitif. 
maiiimus.  Linn. 
nireuB,  Mac</illivr«^. 
oprrcularia.  Linn. 
pueio,  I'cnnon/. 

Mffiiliii  Leaktjf. 


tigrinus,  Witter, 
Tariua,  Linn. 
Btriatua,  Miilhr. 
furtivus,  Lovift, 
lima,  Bntffuihr. 
liians,  GhuIdi. 
Loscombii,  t'^rv  erby. 
aidwnriaUala,  Moni* 
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Avicula,  Bruguicre. 

Piana,  Linnmis, 

pectinata.  Linn, 
HytiluB,  Linuaus, 

edulis,  Linn. 
Modiola,  Lamarck. 
barbate,  Linn. 

niOilioliLs,  Linn. 
•ovalis,  G.  B.  Shy. 

phateoHna.  Jlt^yi'. 

tuliije,  Lnm. 
Crenella,  Broum. 

ooatolatov  J7«ho. 

deL•u^^!yltrt,  Mont. 

disconi,  Linn, 

nigra.  Gray. 

inarmortita,  Forlxs. 

rbombea,  BerktUy. 
Area,  lAiMUBUi, 

lactca,  Linn. 
'nodulosa,  MOUer. 

raridentata,  S.  Wood. 

tetragona,  Poli. 
Fdctunculus,  Lamarck, 

glycimeri^,  Linn, 
Hucala,  Lamnrck, 

docuBsata,  So^, 

nilida,  Sots. 

Biiallnia»  Xmm. 

radlata,  Hanley. 

tenuia,  Mont, 
Leda,  Sdnwmaektr. 

caudata,  Jhn. 

pvomsa,  Atuiuiter. 
Oararam,  Liniimu. 

aciiir'atnin,  Linn. 

echinatum,  Lintu 

edule,  Zdnn. 

fasriatum,  Mont. 

nodoeuin,  Titrtnn. 

Worreg^icum,  Socng, 
♦papillojium,  P<wf. 

pjrgmtcum,  Am. 

raaticum,  i«fnM. 

Suecicum, 
Lticina,  Bruauiere. 

borealiii,  Z//tn. 

difaricate,  J^'nn. 

femiginosa,  ForAca. 

flexuosa,  Mont. 

leucoma,  Turton, 

spinifora,  Mtmt. 
Diploduuta,  Bronn. 

rutundata,  Mimt. 
Kcllia,  Turton. 

suborbioularifl,  Mont, 

nibra,  Mont, 
Turtonia.  ITinley. 

minutii,  O.  Fabr, 
Uontaeote,  TWAw. 

hi  It  iitata,  Monf. 

i'orruginosa,  Mont, 

flttbabnataf  Mwt, 
liCpton,  Turton. 

ClarkuDf  Ckrk, 


nitidum,  Turfon. 
squaniosnm,  Mont. 
♦suloatiihun,  Ji  fr. 
Galeouiina,  Tar  ton. 
Turtoni,  Soto, 
iriiia,  L(i}.uirrX\ 
slandioa.  Linn. 
Circe,  S(-ki(muchfr, 

minima,  Mont. 
Astarte,  Sowerby. 
anstusttt  Gttt^, 
coniprcssii,  ^T",if. 
crebricostata,  Forbes, 
elliptica,  Brwen, 
s  ill  ila,  Iki  Cost  It. 
triangalarifl»  Mont. 
Iflocarma,  Lamarck, 

cor,  Linn. 
Veuua,  Liniueus. 

caama»  Linn. 

iaaciata,  Bon. 

ovata.  Pennant, 

striatula,  Don. 

yerrucoaa.  Linn. 
Cjthena,  Lamarck, 

chiouu,  Linn, 
Artemis,  Poli. 

eioleta.  Linn. 

lincta,  PuU. 
Liidnopsia,  Forbe*, 

undata,  Pmn. 
Tapes.  Miih^eidt, 

auNO,  Chneliiu 

deciiBsata,  Liiin, 

pullastra,  H'ood, 

Tir^nea,  Linn, 
Vencrnpis,  /xtmoivlr. 

irua,  Linn. 
PMrieola,  Lamarei, 

lilhophnga,  RetmUM, 
Haetra,  LinntBua. 

elliptics,  Brmn, 

helvacea,  ChenmUg, 

solida,  Linn. 

atultorum.  Linn. 

flubtruncatA,  Da  Catfa, 

truiicata,  Mont. 
.  Lutraria,  Lamarck. 

elliptioa.  Linn. 

oh|o»-:^ji,  Cfunin. 
Ifiiiua,  Linnccus. 

balaiifHfia,  Linn. 

doiiacina.  Linn. 
fiftbula,  Grmov. 

incarnata,  Linn. 

proximo  Broten. 

pygmrpa,  Philippi, 

sciliflula,  Ttilf. 

tenuia,  Da  Costa, 
Gastraaa,  8ch,  (Biodonte,  F» 
^-  //.). 

fragiluy  lann. 
FaanunolMa,  Lanmrek, 

codtulatii.  Tifrf. 

f  erroeuMfl)  Chcmn, 


tcllinella,  Lam. 

vaitpertina,  Chenut» 
SviKlo!<iuvn,  TJecbu, 

alba,  H  ood. 

intermedia,  77iomp$t 

prismaf  ii'ii,  Mont, 

tenuis,  Mont. 
Soiobioidaria,  Schuma^iir, 

pipcrata,  GmeUn, 
£rvilia,  Turton, 

castanea,  Moni. 
Donax,  Linmens. 

anatinns,  Lam, 

poUtoa.  Poli. 
Solen,  Linnaus, 

duis,  Linn, 

margitwtus,  Adf* 

pellucidiw,  Pemu 

BiUqua,  Linn, 
CeratxAoloiif  F^ofhtt, 

Icgumen,  Linn. 
Soloeurtus,  Blainville. 

Candidas,  Rmieri. 

courctatiui,  Gmdin, 
Mv  I  Linnfnis. 

areiiaria,  Linn. 

truncata,  lAnn. 
Corbula,  Bri'fftuire, 

uudeus.  Lam. 

ofato^  /'bfiflait 

roflea.  Brown. 
Sphonia,  Titrion, 

Binghami,  Tnrton, 
Kesera,  Gray. 

abbreriata,  Forbes. 

oofltoUata,  DnA. 

fuspidata,  Ofin. 
Poroinya,  Forbes  (=■  Thetis, 
Sby.). 

gramilaUi,  Xr/s/. 
Panopfca,  Menard delaOroye, 

Korfegica,  Spcng. 
Saxicava,  BeUevuf* 

arctiea,  Linn. 
•fragilia,  Xyst. 

nigosa.  Linn. 
Ooduodesma,  J>acil  (ssfari- 
ploma,  ScA.). 

pneteniu>,  J^i^ 
Thracia,  Jyench. 

ooQvcxa,  Wuod, 

diatorta,  Mont, 

phaseoUna,  Lam. 

pubcfioena,  PuU. 

rillo^iui^oula,  Maegill, 
I^onsia,  Turton. 

Nor?egica,  Chewn, 
Pandora,  Brugnihe* 

ohta?a,  Lriii.h. 

rtMtxata,  Lum. 
CfaMtroehmia,  fij)fngUr, 

raodiolina.  Lam. 
Pholas,  Linneeus. 

Candida,  lAnn. 

crispata,  Linn. 

daotylua,  JJnn, 
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parva,  Penn. 
striata.  Linn. 
Pholadidea,  Turton. 
lamellata,  Turton. 
papjraoM,  Botomitr, 

Cranlii,  Ri  f^ius. 

anomala,  MUlUr, 
ShvncbonelU.  fVmjbr. 

Aplidium,  <S(Ni^^. 
ficufl»  Xtnn. 
fUlaz,  Johntt. 

naUunn,  Jokn.sf. 
Sidnyum,  Savigny. 

turbiiuittim,  Atn^. 
Polyrlinum,  Savignt/. 

aurantium,  M.-Eim. 
Ainonronoiiiiiit  jK-JQiWa 

Srolifonitn .  ^f.  -  Fdw. 
ordiDamii,  M.-Edw, 
ArgM,  M.'Biv. 
Ix'pfoclinum,  M.-Edw. 
maculoaum,  M.-Ed«, 

aureum,  M.-Edto. 

E;latino8uni,  M.'EHw. 
istorianum,  M.-Edw. 
punctatuin,  Foi^tB, 
Distoma,  Gmrfner. 
rubnim,  Hnviu. 
TiirioloHum,  GcmtlWt, 
Botrrilus,  Gnrrfxtr. 
Schloaseri,  I'aUtu. 
pdj^ua,  Satfig, 
gemmeus,  Savig. 
Tiolaoeus,  M.-Edw. 
•maragdus,  M.-Edtt, 
▼irestvns,  A.  H. 
birittMui^  M.'Edtc, 


Stenorhjnchus,  Lammei, 
phtlaogiam,  Penwmi. 
leaitimwtru,  Lead, 

Adueui,  Leaek 

Crancliii.  f.>eack» 
luachufl,  Fabr. 

dorh^  iioIiub.  Ltach. 

Iei>t4>chirui,  Leach. 
Fifla,  XMeJb(Ar«topnt,  L«m.). 

totraodoii.  Leach. 

Q\h\mx^Liaek{)a»»jiM,LQm.) 
Hyas,  Lund, 

aituoeua,  Fabr. 

poflpctatu*.  hmiok, 
Maia,  Lttm. 

iqniaftdo,  Herh$L 
Eurynome.  Ijeack, 

aapera.  Leach, 
Xantho,  Leach. 

florida.  Liach. 

rirulosa,  Ldw, 


Xylophnga,  Turtvn, 

dorsalia,  TWrtoi. 
Teri'do,  AJan^n. 

btjiennata,  Turton, 

midleoltu,  Turion, 

BRACMIOPODA. 

Terfbrntula,  Brfijuiere. 
caput  serpen iM,  Linn. 
cvaaiuin,  M^Mir, 
oapiula,  Jt^rey. 

TUNICATA. 

rtibcns,  A.  Sf  ff. 
ca&UiiieuB,  A.  ^  H. 
BotrjUoidea,  Af.'Skhh 
Lcaoliii,  Sar/'fj. 
ramulosa,  A.  tic  H. 
dbiouu*  M.'Eim, 
radiata,  A.  8(  H. 
rotilera»  M.-Eebo. 

davelina,  Savifftn/. 

lepadiformia,  O.  F.  MmUtr. 
Perophora,  Witgjtiann. 

Lifilori.  Wiegm. 
bjntetbjB,  Forben  if  Qoodmr. 

Hebndioua.  F.  ^  Q. 
Aflcidia,  Baster. 

intestioalia,  Linn. 

canina,  O.  F.  Mull 

venosa,  O.  F.  MuU. 

mentula.  O.  F.  Mull. 

aracbnoidea,  E.  Forbe$, 

■cabra,  O.  F.  MuU. 

Tirfjincn,  0  F  Mull. 

parallologmuuua,    O.  F. 

Mm. 

prunum,  Mull.  ? 
OrbioulariB,  Mull. 
dsptons,  A.  H, 

aspcrsa.  Miill. 
vitn.'a,  Van  lienrden. 

CRUSTACEA. 
BBACHrUBA. 

tnberculata,  Oomiik, 

Cancipr.  JJun. 


megotora,  H<mlt^» 
naralis,  lAnn. 

paiiuuiaU,  Lam. 


Argiope,  D*'sfo)i(jrhamj>$. 
ciat«UuU,  Searlu  Wood. 


pagtiruH,  Linn. 
*ilui 


Pilumnus,  Leach. 

hirtfllu.s,  Ltack, 
Pirimcla,  Leach. 

dentioalata,  MomL 
Carcimi?*,  Lrach. 

nueoas,  lAniH, 
Portuinnua,  Leach. 

vurii-gatvia,  Ltoek  (ktiptiy 
Penn.). 
Porttmua,  Ltock. 
])uIm.t.  Li  11)1. 
corrugatua,  Leach, 
arcualua.  Leach. 
dapurator.  Leach. 
tnanuorcuB,  Leach, 
holaatiu,  Fabr. 

{iuhI1u»,  Leach. 
ongipes,  Biisao. 
pUcatua,  Bisso. 


conchUega,  0.  F,  MUL 
ecbinata,  lAnn. 
eordida,  ^  4r  A 

albiila.  A.  a-  //. 

elUpUca,  A.  tif  H. 

pelluoida,  A.SrS. 
Molgula,  E.  FcrAf.s. 

oculota,  E.  ForbeM. 

arenoaa,  A.  ijr  St. 
Cynthia,  Savii/m/. 

microootmua,  8amg, 

daudieatia,  Savia. 

tuberosa.  MiiCffmivray. 

qiuidrangularu,  £  ~ 

informia,  E.  Forbes. 

tessellata,  E.  Forbet. 

limacina,  E.  Forbes. 

morua,  E  Forbes. 

ampulla,  Bruif. 

mamilbris.  1 'alias. 

agcn^f'ata,  Baihke. 

ooriauea,  A.  6f  H. 
Piloiuda,  Forhes  S(  Goodmr. 

romicTita,  Forbes  ^  Hani* 

fftabra,  Forbes  ^  Uanl. 
Salpa,  Gitmisao. 

rii'i'';Tin*ft,  Cham. 
Appeudioukria,  VhanHstOt  ap. 


carcinoidee.  Kin, 
Po'  >  binH.  Liai  h. 

Henslowii,  Leach. 
Pinnotberca,  Latr, 

pisum,  Prnn. 

Teierum,  Bote. 
Gonoplax,  Leach. 

nnmilata,  I^aeh, 
Planus,  Leach. 

LmtUMiui,  LuKh, 

i:>)alia.  /' -  ^  h_ 

PeunauLu(tuberosa,  Penn.). 

Brycrii,  Lieach  (Uuneiacta, 
Mont.). 

Cranchii,  Leach. 
Afteleojclua,  Leach. 

betnodon.  Leach  (i 
dentattis,  Mont,), 
Corystea,  Leach. 

CasaiTelaumUi  Lt9ch, 
Thia,  I^ach. 

polita,  Leach. 
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Dromia,  Edtc. 

Tulgaris,  Edto, 
Lith(>(li»,  Latr. 

Maia,  Leaek. 
Pagurus,  F«ftr. 

Bernliardus,  Linn. 

Prideauxii,  Leach. 

Cuanensui,  Thompson. 


ScjUatus,  Fair, 
aretui,  Linn, 

PalinunB,  Fahr. 

Homarus,  Linn. 
Oidl»na«aa»  XmvA 

Fuhterranea,  XmwA 
Q«bia,  Leaek. 

•tdlatB,  Moni» 

dt'lturu.  LfUickm 
Alius,  Leach. 

8tirhynchu8,  Leach. 
Calocaris,  Bell. 

Macandme,  BsU. 
Astacus,  Fal^r. 

gammarus  (L.)  (mariDus, 

Nephroji*,  Leach. 

Nomregicus,  Uml 
Crangon,  Faltr. 

vul^aru,  Fabr. 

batsmtxm,  Riaso. 

spinosus,  Leach. 

BCulpUu,  BeU. 


Myfiis,  Lair. 

chaniiielpon,  V.  ThnrnjaoHm 

Tulgaris,  V.  Thompmn, 

OnOHlwis.  BeU. 

Lamornap,  Couch. 

productu^,  Oi/sse. 

Oberon,  Cotirh. 
Thjflanopoda.  Edw. 

Couchii.  li'  U. 
MacromysiB.  Whife^nmu^t 
Goodsir,  Bell). 

longispinoflUB,  Goodatn 

breriapinocufl,  Geodmr. 
Pynthilia,   nhife  (Cyntfai% 


ANOMOURA. 

Hyndmanni,  Thompton. 
beris,  Thompxm. 

Forbesii.  Btil. 
Thorn  psoui,  BelL 
fascial  US,  BelL 
Pillwvnii,  Spence  Baft. 
Porocllana,  Lamarck. 
platjcbcl^  Penn. 
lopgieomia,  l^mi. 


Qalathea,  FtUir. 
■qoamiftra,  Lmuh. 

disperaa,  Spenee  Bvi§» 
strigosa,  Fabr. 
nexa,  Bmb. 
Androwsii,  Kinakim, 

iiamucu,  Penn.  (Bondel^i, 


MACEOtTRA. 

trispiuuaiui,  hailstone. 
biapinoMUk  WMtUf^t 

Aan. 
AUmauni,  Kin. 
Pattmonii,  XitL 

AJp'i  1 /•'oAr, 

ruber,  Edw. 

afflnia,  €ham. 
Autoiunuea,  Risto. 

01i?ii,  ^MW. 
Ni]Ea.i7te(». 

cdulia,  Itiseo. 

Couclui,  BelL 
Athauas,  Leach. 

niteecens,  Mont.^ 
Hippoljte,  Leach. 

spinufl,  Sower fn/. 

Tarians,  Leach, 

Cranchii,  Lrarh. 

Thorn  pBoai,  LtU. 

Prideauziana,  Leach. 

Gordon  i.  !<prv<X  Bifit* 

BTOKAPODA. 

Flemingii,  Gooddr, 
Curaa,  Edwards. 

Boorpioidos,  Afoni. 

imguiculata,  SpenctSait. 
Taunthomsouin,  !^pmce  Bate. 

Edwardsii,  K/i/^er. 

cristata,  Spence  Bafe. 
]>ia9tjlis.  S( 't/(\ lawna, Good- 
sir,  LiU). 

Bathku,  iCr.  (roalnita, 

£udora»  i^ence  Bait. 
tmnoitala,  SpmutBaU. 


Grayai^o,  Thompton, 
Mitdidfi,  nompBom. 

Whitei,  Thompson. 

Yarrellii.  Thomjtmm, 

Bariaei,  Spenet  Bai$. 

p.'iiulaliformis,  BeU, 

pusiola,  Krojfer, 
PandatuB,  Leaeh. 

Jeffreysii,  Sptnm 
Kinahan. 

aimiilicomM,  Leach. 

leptorhvnchuB,  Kin* 
Palscmon,  Fahr. 

«?rratuH,  Penn. 

squilla,  Fabr. 

vanaiii*.  Ltach. 
Paaiphtta,  Smignf, 

sivado,  Risso. 
PeasuB,  FcAr. 

MfaiBOteL  Bitt$, 


Talitrus,  I^itr. 

locusta,  Ami. 
Orchcatia.  Leaek, 
littorea,  Mont. 
J>c8hajc8ii,  Savig. 
Meditcrranea,  Codai^gmM, 
S.  Bate  ;  littO««a»  tar.. 
White). 
All'ToliL-^tcs,  Ditna. 

>'ils:;oiiii,  Krot/er  (Danatf 
Spence  Bate). 


AMPHIPODA  NORMALU. 

JNioea,  Nicolet  (Galanthia, 

Spence  Bate). 
Lubbockiana,  Spence  Bgie* 
Montogua,  Spt  /u  e  Bate. 
monoculouiofl,  Monfauu 
(Typhia  inonoouloiaai^ 
White,  G-iw  ). 
mnriu2^  Sptnce  Bate. 
Alderii,  S^iene*  Bate. 
poUexiana.  Spence  Boti. 
Danaia,  Spence  Bate, 


XpbidioS;  S^tmee  Bate  (Hali^ 
Spf'fjre  Bate,  Whit$y, 
trispiuoaa,  Gooddr, 
Bodoimi,  Goodsir. 

arenosa,  Goodsir. 
Cyriaua«iMi,  Spence  Bate  (Ve- 
nilia,  SpenceBate,  Whiie). 
graciliB,  Spence  Bate. 
longioomis,  Spence  Bate. 

Dfsmarestii,  R/sao. 
mantis,  MondeUt. 
PlijUoaomai  Zfamt^ 
QtmMLLwik, 


LjsianaBsa,  M.-E(ho, 
Costie,  M.'Edti'. 
AudouiniiiTia,  Spence  Bait. 
longicomis,  Lucas  (Chnu- 

sica,  Sp.  B.,  not.  M.-E.). 
Atlantica,  Eduy.  (marina, 
Spence  Baft). 
Coliisomu,    Hope  (Scopeio- 
cheinta,  Spence  Bate). 
(wnata.  Sprnce  BaU, 
Anonyx,  Kroner. 
Sdwsrdaii,  Kroyer. 
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EdwartUii,  KrUj/er, 
nnnutoB,  KHSytr, 

Ilolbolli,  Krdt/er. 
ampulla,  Krdyer. 
denticulatus,  ^prnce  Bate. 
Iongip<^  Spence  Bate. 

longicoruid,  Spaice  Bate, 
Opia,  Krdt/er. 

typica,  Krw/tr. 
Ampelise^i.    Kroytr  (Tetro- 
niatu.-*,  s pence  B<Ue). 
Oaiiiiiirtlii.  KrUyer  (^picSy 

JSpence  Bate). 
BelBana.  Spmre  Bate. 
Westwoorlilla  (Wc^turoodift, 
Sjtcme  Bate). 
cjBcula,  Spmce  Bate. 

hyaliiia,  Spr)iri  Buff. 
MoDocuiodcs,  mtimpsoH. 

ovmatas,  SpeneeBaie. 
Kroyera,  Spowr  Bufr. 

•renaria,  Spmce  Bate. 
PlioxuB,  Krtiyer. 

Ittmplex,  Sp.  Bate(Kr6jeri, 
Spence  Bate,  not  Stimp- 
mm). 

plumcwuB,  HolholL 

Holbolli,  Kriiy. 
Sulcator,  Spence  Bate. 

arenariua,  JS^ptHM  Bate, 
Urntli.Mi,  Dana. 

umt  iiiu*,  Spence  Bate  (Sul* 
cator  marinuii). 

Bairdii,  Spence  Bate. 

modi  us,  Spence  Bate, 

dedans,  Spence  BaU» 
Omym,  Spence  Bafr. 

imbricata,  Spence  Bate, 
Liljeborgia,  S^eneeBeste. 

palliclii.  Spnu'f  Bate. 
Phscdra,  Sjfetice  Bate. 

■ntiqua,  Spence  Bate, 

EinahAiii,  Spruce  Befit, 
iMem  M.-F^lwards. 

MonUigui,  M.-Eim, 
Iphimediai  Bedkke, 


LscstrigoniiB,  Guerin, 


obesa,  JiaihJte. 

Eblano?,  Spence  Bate. 
Otus,  Spence  Bate. 

carinatus,  Spence  Bate, 
Acantlionotus,  Oufen. 

tMtado,  Montagu, 
Dcxamine.  I^nch. 

Luii^lu-inii,  Spence  Bate. 

spiuoaa,  Afont, 
Euu«inis.  Kriif/rr. 

Edwardi,  Spence  Bate, 

Jlelvctiic,  SpeneeBate, 
Atvlus,  Leach. 

fiispinosus,  Spence  Bate, 

Hiixlejwius,  Awww  Bate, 

Gordonianus,  Spence  Bate, 
Pberusa,  Leach. 

eiiTus,  Spence  Baste, 

fiUM'c'i)la,  /J</'/'. 
Calliope,  Leach. 

Leoohii,  Spenee  Bate. 
Lctnbos,  Spence  Bate. 

Cambriensu,  Spence  Bate, 

TenicnlAtus,  Spe$teeBate. 

Wcbsterii,  Spence  Bate. 

Danmoniensis,  Spence  Bate. 
Aora,  Kroy.  (sLalaria,  ^7- 
colet). 

piraciKs,  Spnur  Birfc. 
Eiiryslheiis,  Spiiicc  Bate. 

tridontatus,  Spence  Bate. 

tuberciUoaus  Spence  Bate. 
Qammarella,  Spence  Bate. 

brcricaudata,  M.-Kdw.  (  = 
G.  orcheatiibnnu,  Spmce 
Bate). 

Cttrngtmyx,  SpeHee  Bah. 

subtermnea.  Spenee, 
AmatJu'ft,  Bathke. 

Sabiim,  Leach. 
Gammarus.  Fnhr. 

locusto,  Fahr, 

flnTiatdift,  Baaa. 

cajnptolopa,  Leach. 
DunmUi  Leaeh, 
liaiiiiatu*,  vAiAiHitoi. 

AMPRTPODA  HYPERINA. 


lougimanus,  Leack, 

palmaUu,  Mont  (innqai- 
manuB,  Spence  Bate), 

grofl«maniu,  Mont. 

uiaculatua,  JohnOton, 
Bftthyporeia,  Lind^strom 

(Theraites,  Spenoe  Bate). 

pilosa,  Lindjitrotn. 

pelagica^  Spence  Bate. 

Kobert«oiii,  Spence  Bate. 
Leucotboc,  Leach,  not  KrOyer. 

artlcaloea,  Mont. 

ftmna*  Saeig,  (prooen,  8^, 
Bate), 
FleooesM,  Spenee  Bate. 

gammaroidp?,  Spenoe  Bate* 
Amphithoe,  Leach. 

liltorina,  Sjxvre  Bate, 

f  obtusata,  Leach. 

f  dubim,  Johneton. 
Simninpliitlioi.'.  Spruce  Bate, 

hamuluc,  Spence  Bate. 

oonfomuitB,  Stmce  Bate, 
Podooerus,  Leach. 

falcatus.  Mont. 

rariegatus.  Leach. 

puldioUus,  Leaek, 
Jaasa Leach. 

pelagica.  Leach. 
SiphonoecciUis,  KrSjfer, 

Whitei.  Gosse. 
Erichtiiomuji,  M.-Edw. 

difformia,  M.-Eim. 
CJyrtopliinm  Dana. 

Darwimi,  Spence  Bate. 
Coropbium,  LatreiUe. 

longicorne,  Fabr, 
Cbelura,  Phiiwpi, 

Hyperia.  iMfrrHh. 
Galba,  Mont.  (lAtreillii, 
EStP.  i-Metoechoji  medu* 

eanun.  TMr.). 
obliria,  Kritjf, 


Plironiina,  Latr, 
fodflatwifti  IPetelt, 


Tyj^t  Uisso. 
nolem,  Jbhnalen, 


Dulichia,  Kroyer 

porrccta.  Spcucc  Bate. 

ialcata,  Spence  Bate, 
Ptoto,  Le(^h. 

]>cdata,  Jxach. 

Goodfliriit  i^^ence  Bate, 


AMPHIPODA  ABERRANTIA.   (Lemodipoda  of  LatrcilU.) 


Protolla,  Dana. 

longi9}Mna,  Kroiftir, 
Caprella,  Lamarck; 

uneartt,  Latr. 

Porinanlii,  L*'ac?i. 

tuborculoiia,  Uoodair. 

lobata,  MuUer. 


aciintiiuf«nif  M.-Bim, 

CJjramus,  LatreHk, 
o^Lrnn, 
ovalu.  Boused. 
gracilis.  Rouftacf. 
Thompsoni,  Geeee, 


ISOPODA  ABERRANTIA.   (Axmofosa  of  JDaxa.) 


Arcturus,  Lafr.  ( Asfa<i!l:i, 
Johnston',  hcacliia, John' 
9t<m.) 

'  Sow, 


intrrTnc(liu.«.  C'riodeit. 
gracilis,  Goodsir. 
AnthiuMK  XeocA. 


f'\  lindiicus,  Mont. 
TtLtuuB,  M.-Eitw. 
Diilongii,  Aud, 
hirtioiiuiatnay  Sjpenee  Bate, 
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LeacK 
'talpa,  Mont 

inaxillaris,  Monf, 
rapAx,  M.'Edvf. 
Pniu»»  Lueh. 
«wiileiti»  Mpmt, 


Manna,  Krdytr. 

Xrojperi,  bhoebir. 

Whiteana,  Spence  Bait. 
Jaera,  Leach. 

albifrons,  Leach. 
Oniflcoda,  LatreiUe. 

maculosa.  Leach, 

Deshayesii,  Lwm. 
Limnorio,  Leach. 

tigMiram,  Rathkt  (tope* 
brans,  Leach), 
Idotea,  Fadr. 

triciupidata,  Demt. 
emaiyinafat,  Fabr, 


Ordarl.  FHTLLOFODi. 

Ileb;i3i:i,  Lfach. 

bipt!d,  O.  Fabr, 
AxUanaMf  laaek. 


Merll.  CLAJ 

Bradne,  Ixn-hi. 

Kordmanni,  Loviii. 


Order  III.  OSTRACODA. 
Fam.  I.  Cytlxeridao. 

Cjtlicre.  Midler. 
flavida.  Mull. 
reniformis,  Baird. 
al bo-mac lilaUi,  Baird. 
albft,  Baird. 
ynrmhWis,  Baird, 
aurantia,  Jiaird. 
nigratoeiui,  jswnl 
?>finna,  Baird. 
aogiutatoi  JdmUtr, 
•cute,  BeSrd. 
fK^lliicirla,  Baird. 
improasai  Baird. 


fttflca'?.  J"l'is^(Vi. 

Ddwardti,  Spence  BoU, 
loriopa,  Kroyefr. 

balani,  Spence  Bait* 
lone,  Mont. 

tboradoa,  Mont. 

ISOPODA  (NORSCALU). 

acuminata.  Leach. 
appendicuiatai  Rim. 
Ligia,  Fabr, 
oceanic^  Litm, 

Sphferoma,  Latr. 

aerraluiti,  Fabr. 

fUgiWMidft,  Leach. 

TTfX^kori,  Lioch. 
C^  inodocea,  Leach. 

tnineata.  Leach. 

emargiimta,  L'^ach. 

Montagui,  lAoch. 

rubra,  Leach. 

riridia.  Leach, 
Nersea,  Leach. 

trideotate,  .ielmu. 

ENTOMOSTEACA. 

qnadridentata,  Baird. 

oonrcTfl,  Baird. 
Cjrthereis,  Rupert  Junes. 
Whitei,  Baird. 

Jonosii,  Baird. 
antiquaffl,  Uaird. 

Fani.  II.  Cypridioids. 

Cvpridina,  M.-Edto. 
,M  1  rindroi,  Baird. 

(j(Li,  Baird. 
MariiU,  Baird. 

ioterpanotai  JBsML 

(Mar  17*  COFEPODA 

Fam.!.  QTclflplidUi. 

C^nthocamptuB,  JfeiAevNNf. 
Strinuii,  Mwrd. 
forcatas,  Sttiftt. 

mimiticonii?,  .V/i//. 
ArpacticuB,  M.-£iiw, 

dbelifor,  Afilfll 

nobilia,  i7fftr<f. 
Alteutha,  Baird. 

depressa,  Baird. 


Bopyr.is.  Lafr. 

(H^uillorum,  ixi^r. 

hippo  lytes,  Krdyer. 
Phrvxus,  HufJikr, 

hippolytoi,  Rathki, 

pa^uri,  jffa^M». 


Oimpeoopea,  Leadk, 

hirsuta,  Afo^iJ*. 

Cranchii,  Leach. 
Cirolana,  Leach. 

Crancliii,  Leach, 
Eurjdioe,  Leach. 

puchra,  LeaeA, 
JEf^.  Leach. 

bicarinata.  Leach. 

tridena,  Leach. 
Conilera,  Leach. 

cylindracea,  Mont. 
Boonela,  Leach. 

DautnoTiipn^i",  Leach. 

mooupiiiiiaUoft,  J^hneton. 


Temora,  Baird. 

Oalaana. 

eucluvta,  Luh^>ock, 
Aoglimu,  Lubbock. 
Axunmdooera»  Tempteion, 
Patononiif  2tMM|vM0fi* 

Am.  m.  CirtoclltUdl. 

CelnrVi;l\i^,  VaH:bme. 

sepLuutrioualis,  Goodsir. 
Pontdla,  Ihna. 

WoUastoiii,  LldAock* 
Pontollvuy  J^ana. 

Pelt  id;  inn,  P'ilippi. 

purpurcum  ?,  i*hiL 
CoryuvuB,  Iknia, 

AagjiktaB,  Mbofik, 

VulIT.  KoBirtrinite. 

^frn^fnlla,  Dana. 
Aiigiioa,  Lubbock, 


On  what  ani- 
maU  found. 

SlHUMe. 

On  what  am- 
mala  fotmd. 

Onlor  V. 

STPHONOSTOMA. 

Fum.  I.  CaligidaB, 

Caligus,  Midler , 

various  fiahee. 
varioua  flabai. 

Lepeophtheiriid^,  Nordimnn. 

Tarious  llflhaa. 
aca  bream. 

hoUbm. 

ray. 

on  salmon, 
rariooa  fiahaa. 

1860.  Q 
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Speciflt. 


On  what  ani- 
mals fuiuid. 


Nordmanni,  M.-Edw  san-fiih. 

hippogloflai,  Kroy.   holibttt. 

obacurus,  Baird   brill 

Thompsoni,  Baird   

ObdiinuB,  BurmeUttr, 

■oombri,  Burw  •..«.. 

Trebiujs,  Krvuer. 

Ottdatoi,  Kriigf.   

TkblTL  PandaridUB. 

Dinrmoura,  Latrntk, 

alAta,  M.'Edw.  |on  shark; 

laniius,  JokiuL  


*,,„|ir,* 

ou  mackereL 
onikate. 


on  ahark. 


Fkm.  m.  Oec|»pid9 

Fandanis,  Leach, 

bioolor,  Leach   on  abariL 

Cecrope,  Ltach. 

LabviUei,  Uadk  on  nm-flih. 

lijrmarinis,  ICrnyer. 

iiiuru--atus,  Kruy  ou  aim-fiab. 

Fam.  lY.  AnUxosomidae. 
AnUioaoma,  Leach. 
Bmithii.  Leach  on  ihwk. 

Fam.  T  ErgasilidSB. 
17iootho0,  M.-EduHffrds, 
MlMi,  M*'Xiip.  


On  what  ani- 
mala  found. 


Fna.Yl, 
Chondracanthidas. 

ChondracanthuB,  De  la  Roche. 

Zei,  De  la  Rot  he   gilli  of  dfliy. 

Lementomn.  De  Bkdmvtik,  I 

cortmta,  Muf/  'gillB  of  sole. 

a«clliam  L  gilU  of  gurnard. 

lophii,  Johnst  pouchei  of  aa* 

LemwjKvda,  De  BlainviUe.  gler. 

elottgatd,  (rrant  shark. 

Galci,  Krvu  ,  'shark. 

dJmoiioft,  X.  »  


Aucliorclla,  C in-ier, 

uueiuata,  iMul/.   ....Ion  tbo  cod. 

rugosa,  kroy  |on  tlw  ood. 


gUlaof  ood. 


Fam.  VIII. 
Lemea,  L. 
bmudiialia,  L  

Lemronema,  M.-Edwards. 

mmitif,  Sby  on  the  aprat. 

Bfiirdii,  Salter  herring. 


Fam  I.  Balanida* 

£aiajiu8  {Lister). 
tmtinnabulnmt  Lkm, 
•p}ngioola,  Brotcn. 
perforatiis,  Bruguitrc. 
Jlmphitrite,  Darwin. 
eburn»M!«,  Ai'q.  Gould, 
improFUUs,  iJiti^'in. 
powatQg,  Da  Cuita. 
crenatus,  Bru^uikn, 
balanoides,  Lmn, 
Hameri,  AKonim, 

jicastn,  Lrarh. 
apongitei^  Jt^li. 


Order  rODOSOM.VTA. 

Fam.  I.  Pycuogonid«B. 

Pycnogonum,  Fuhricius. 

liKoralo,  Sfrmn. 
P)iiitii-hiliH.  T aireiile* 

spuiosiis,  Mont, 


ongillBOftobiter 

OTKKirEDIA. 

P^rgomn,  Leach. 

Anglicum,  G.  B. 
Xenobftliiiius,  Sftrmtrup. 

globicipitis,  Sftenstrup. 
GhChainalus,  RdmamL  ' 

BtellatuB,  Poli. 
Verruca,  Schumacher. 

Stroinia,  0.  MiilUr, 
Al(  i]in€,  Hancock. 

lainpae,  Hancock. 

Fam.  II.  Lepadidas. 
Jjtpaa,  Linn^ 
anatifcra.  Linn. 
Uillii,  Leach. 

Aiufiixim. 

Fam.  II.  Nymphonidta.  2^jmphon,  Fohriciia. 

—  gro»««tpcs,  O.  tahr. 

lemonituiu,  Leach. 
piotnm. 

gigantetim,  «AmM. 


poctinata,  Spou/Ier. 
fascicularis,  AV//.s  cj  Sol<sa4fK» 
Conchodorma,  Oljln. 
auritA,  iJun. 
virgata,  Spengkr. 
Alepas,  Sander-Bmig. 

parasita,  SandeT'Mttna, 
Anela^nm,  Darwin. 

aqunlicola,  Lovin. 
Scalpellum,  Leach, 

vulgarc,  Lcarh. 
PoUicipes,  Ltach. 
oomuoopu^  Le^uk, 


CULVIIRUIM,  J^AtUt, 

globosum. 
oliTaccum. 
Pallene,  Johnston. 
bmirostris,  J-Jmsf. 

ANTs^ELIDA. 

*k*  Tbo  fallowing  list  of  BritiBh  Marino  Worms  h  r  ^ 

from  an  impublifbed  Catalogue  by  the  luU'  Dr.  JulmfiLou. 

Order  I.  TUKBELLARI  A.  subauriculaUi,  Johnson.  eUipsia,  ^[s/f^ 

^^'^  trcmellarw.  A/m^,  Kiiiyfepta,  £*rm5»y. 

Fam.  T   PlanOCeridflB.  flcxilis,  DalvelL  romiita,  Mdller. 

Le^piaua,  Skrenberff,  atomata,  MuUer.  Daljellii,  JJmtton, 


1.  hy  frtTour  of  Dr.  J,  B.  Qnj, 
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«angumolent%  Quatrtfagu. 

rittatn.  M'>fi^nfp'. 
Planocera,  JHutuvtUe, 

Fam.  II.  PlanaxiacUe. 

Planaria,  MuUtr. 
nlT»,  (kr$ted. 

aflinis.  Orrsfed. 
alba,  Dalydl. 
rariegata,  BalytlL 
?  eracilis,  Dahjfll. 
?  folcata,  DoLytlL 

Euii.111.  DalyeiOkUs. 
Typhloplttu,  V!krmber$» 

OonTolate,  OinUL 

Planoidos  fusca,  DiilycU. 
Planaria  liirudo,  JohwUon* 

Aatemma,  Ocrshd. 
rufifrons,  Johnston. 
flliformiA,  Johnston. 
Cephalotrix,  Ocrsfed. 
uneatus,  Dalyell. 
flustrac,  Daff/t  f/. 
Telrastomma,  Ehrenbgrg, 
raricolor,  Oersted. 
rariegatum,  Dafy^ 
?  i\]giv,  Dull/ill. 
£orlasia,  Johmfon. 
olivaoea,  Johnston. 
octocxilatn.  J<th>ision. 
>tirpurett,  Johnston. 

■  miur, 

striata,  Raihkt, 
Ommatoplea,  Ekraibtfjf, 
gnaliB,  Jokiuien. 
rosea,  ilAQIn*. 

melaaooepbak,  Johuton, 

pulchra,  Johnston. 
Stylus,  Johnston. 
Tiridia,  DulyeU. 

purpurcus.  DalyeH, 
tragi  lis,  Ualyell. 
fasciatus,  Dalydl. 
Lineu,  T,  W.  Simvunu. 

araciiid,  Goodsir. 

nneatas.  Johnston. 

njurcnoides.  D.  Chi<\f0, 

faaciatUB,  Johjutoiu 

Tvidia,  BaliiiU. 

albus,  DalyrU. 
Heckclia,  Leuckwt. 

aanulata,  Montagu. 

tiKnia,  Daly  el  I. 
Serpentaria,  U.  D.  S.  (ioodsir. 

IngUia,  Goodtir, 

fiiaot,  Dafyeil. 


Order  11. 
BDELLOMOBPHA. 

F;)m.  T. 

Malacobdellida. 

gro?^sa,  Miiller. 
Valonciennai,  BUmchord* 
anccps,  Dalydl. 

OnU  r  III.  BDELLIBE.i. 

Fam.  I.  BranchelliadaB. 
Bmndiellicin,  Savigi^. 
torpedinii,  Savign^, 

Fam.  II.  PiscicolkMi. 

Ponlobdflla,  LcacK 
murieata,  Linn. 
yermoata,  Girtth$. 
ireolata,  lA:ach. 
Invis,  JUainvUle, 

ounpiiralitay  ZkvfyM* 

Older  IV.  SOOLICBa 

lun.  I.  Lun^biiddM. 

Ebenuria,  Hofmeister» 
lineita,  Nalftr. 

diteUio^  Bai-igny. 

arenarius,  MiiJ/er. 
Valla,  Johnston. 

OLiiata,  Mi^Uer. 

Order  V.  GraNOCOPA. 

Fam.  I.  Toznopteridae. 

Tomopteris,  EachackoUi. 

Order  VL  CELSTOFODA. 

Fam.  I.  AphxoditldM. 

Aphrodita,  Leach. 

aculeata,  Linn. 

borealii,  Mituion, 

Instrix,  Sattytty. 
Lepidonotui,  Leach, 

auHnatiti,  lAnn. 
K?a,  Montagu. 
im|Mr,  Johnston. 
■  pbarebratiu,  Jokntlon. 
cirratus,  Fabr. 
aemisculptus,  Leach. 
pelluoidus,  DytUr, 
imbrioatnt,  Linn. 

Specie*  not  defined.  ^ 

Aphrodita  aquamata,  Dalr 

yell. 
lepidota,  Patta». 

ininufn,  Pnniaut. 
Himulata,  I'tnnant. 
Tclox,  JkdgelL 
Lepidonotus  floOOOms?, 
Dalydl. 

Polynoe  iwmiin|maKnai 


Fotjnoi,  Oersted. 

•colopoidrina,  Savtgn^, 
Pboloe,  Johnston. 

inornata,  Johnston, 

eximia,  Dys^er. 
Sifaliou,  Au4.  ^  M.- Ed  wards. 

FaoL  n. 

Amphinomenidn. 

Euphrosjne,  Savigny. 
iolioaa,  A^^L-Edwardt. 


Fam.  ni.  XhxnioeidA. 

Eunice,  Aud.  #  Mi^Eiwank, 

Korvcffica,  Linn. 
annulicomis,  Drif.  Mu*. 
antennata,  Savigny. 
Ilarassii,  Aud.^  M.-Biljf. 
aanguinea,  Montaajit. 

Koilhia,  Johnston. 

inbicola,  MuUer. 

ooncbjlego,  San. 
Lycidice,  Savigny. 

l^inatta,  Aud.  ^  M.-£dw. 

raft,  Gotttm 
Lombrineris,  Jftpwifflfc 

tricolor,  Leaeh. 

Fam.  IV.  Nmidtai. 

Nereis,  Cuvier. 
brerimano,  Joktuton. 

pclagica,  Linrt. 
diTcrsioolor,  Miilkr. 
Cfl?rulea,  Linn. 
fimbriata,  MuUer, 
imbecillis,  Orvhe. 
Dumerilii,  Aud.  #  M.-Sdf». 
pulsatoria,  Montagu, 
Hareilepas,  Oersted. 

fticata,  Savigng. 
Heteronereis,  O^rOed, 
lobulata,  Saoigng. 
renalifl,  Johnston. 

,Jhhnstan. 
Johnston. 


Fam.  V.  Kephtliyite 
Kephthya,  Cuvier. 
cseica,  Fabr. 
longisetosa,  Oersted. 
Hombergiit  C^o.?? 

Fam.VT.  PhyllodOMldM. 

Phyllodocc,  Cuvier. 

lamoUigcra,  TWftm. 

bilincata,  Johnskm. 

inaculata,  Linn. 

viridis,  Linn. 

ellipsis,  DalyeU. 

Gnnithsii.  ./"hnston. 

OorUifoUa,  Dystcr. 
Plmnafthe,  Johnston. 

pnmotata,  Mvdler. 
q2 
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F»m.  VII.  Qlyceridae. 

mitis,  Johnston. 
dubiA,  BlainviUe. 

nipripes,  Johnsfon. 
GooumI*.  ^im^.  ^  M.'Edwardt, 
nuoolate,  OienM,  . 

Fam.  VIII.  Syliidae. 

SjUut  Savigny. 

armillaris,  MiilUr. 

oornuU,  JL  Batkk«, 

jnolilbni,  JfSflier. 

r  inonororos,  DalydL 
Qattiola,  Johnston. 

•peetalnli*,  Joktuiim, 

JUjt:  nn  i  i1  ,i .  .V.  -  w. 
pimii^era,  Montagu. 

iDMioplitlMlmtt  Mmdon, 
Fatn.  IX.  Amytideid*. 

uiacuiosa    crcii),  Montagu 

Fam.  X.  ArlciadM. 

Nerioe,  Johnston. 
TolfWiB,  Johnston. 
ooniooephala,  Johnston. 

Doubtful  species. 

Neiine  ooniorta  CS&kobX 

IhfydL 
jSpio,  Turton. 

fllioonufl,  MiUler, 

Mticorait,  T\trton. 

crenatic'omia,  Montagu. 
Leucodore,  Johnstotu 

ciliatUB,  Johnston. 
Sphena,  Rathke. 

Spnflerodoruiu,  (Jf^nted. 

paripotufl,  Johnst. 
Cirratulug,  Lamarck. 

teutaculatujt,  Mont. 

llonaLiB,  Lamk. 
Dodecnofrift,  Orr:-^er?^ 

COticiiariUii,  O'  /-.'!'( (I. 

Fam.  XI.  OpheliadSB. 
Ophelia,  Savigny. 

at'Uininatfl,  Otr&ied. 
Anunotrvpane,  EaiKks. 

limacitia,  Rathke. 
(Trayisia,  Johnston. 

Forbe«ii,  Johntt. 
Etunenia,  Oersted. 

Fam.  XIL 
SiphonostomidM. 

Sipliojiostonia,  Cuvier. 

uiicinula,  Aud.  >.j  Af.-£^v>. 
^IVcipliOiiia,  Cufirr. 

pfmiioeBi  MiUi$r, 


) 


Fam.  AilL  TeleUiusidaB. 
Araiioola,  Saviony. 

piacatorum.  Liunk. 

hvAwhuXiSyAud.  fifM.'Edw. 

eoandat*,  Johntt, 

Fam.  XIV.  MaldUtniadaB, 

Cljmene,  Savigny. 

Fam.  XV.  TerebelUdA. 
TenbdUa,  Montagu. 

conchilepa,  Paflas. 
littoral  is.  DalyeU, 
cimte.  Mo^. 
nebjilofa,  Mont. 
gigantea,  Mont. 
eauttrietoT,  Moni» 

veiuistula,  Mont. 

tuberculata,  JkUjftU, 

t«itriz,  DoMl 

maculata,  DalyetL 
Tcnuaia,  Johuton. 

punot^a,  JSMlfuf. 
Terebellides,  Sar$, 

S^oemii,  ISars. 
Ptofinanai  Jjntno^dltt 

Bt'lgica,  VaUaa. 
granulata.  Linn, 

Fam.xyi.  SabdlaxladM. 

Sabellaria,  Lamarck. 
Anglica,  Ellis. 
craasiaeima,  Lamk. 
lambricalia^  MmU. 


FrauXm.  Saipiillto. 

ArippaM.  JohntienL 

inmndibulum,  Mont, 
Sabella,  Savigny. 

pavonine,  Sm-ijnjft 

penicillua,  Livn. 

vesiculon,  Mont. 

bombjx.  DtdyelL 

Satignii,  Johnst. 

volataoiwiiiik  Mani. 
Doubtful  species. 
Siibella  uninpirii,  Sav. 
■   rosea  (Amphitrite),  Soto 

lana  (Amphitrite),  Dal. 

curta  (Amphitrite),  Mut.J 

Protulii,  Risso. 

proton.sA,  Fhilippi. 

Djf  steri,  Buxitjf. 
Serpula,  Linnestts. 

Tcrmiciilaria,  EUis. 

Intricata,  Linn. 

wtenky  Mont. 

Berkeleri,  Johnst. 

oontoa,  F/em. 

nrmata,  Fleni. 

Djvtcri,  Johnst. 
Ditrupa,  Bttkeky. 

lalmlata, 


Filograaa,  Berkeley. 

implexa,  Berk. 
Otlioiu'a.  Johnston. 

Fobricii,  Johnst. 

Fam.xym. 


Campontia,  Johnston. 
eruciforniis,  Johnst. 

Fam.  XIX.  ? 

Mtea,  Johnston. 
minbilia,  JMiuf  . 

Fam.  XX.  ^  Sipimculidaft. 

Byrinz,  BokaA^ 

midus,  Linn. 

Sbpillosua,  DIomjM. 
arfoii,  Forbes. 
Bipuneiilus,  Linv^us. 

Bernhardus,  Forbes. 
Macrorh  jnchopterua,  BondtL 
Johnstoni,  Forhm. 
■aocatua,  Flem. 
tenuidnctus,  M'Coy. 
V<iAm^3PCoy. 
granulosus,  M'Coy. 
Pallasiit  FqtIks. 

Fam.  XXI.  PriapoUd^. 
^Twp^m^JLamarck. 

ThalassexnldA. 

Thalaaaema,  Cutier. 

Neptuni,  Gairi$ur. 
SoUwnit  Olivier. 

oagmnUf  ^all. 

Species  ingmitmim. 
Nereis,  Cuvier. 

irioolor,  Mont. 

Inar^my^  Mont. 

lineata.  Mont. 

maculosa,  Mont. 

rufa,  Penn. 

inolli?,  Linn. 

o<'ieutacuUta,  Mont. 

punctata,  3icy^.MHL 

nootiluca,  Linn. 

pimii^era,  Mont. 
Aplurodita,  Leack. 

nnmilnta,  Penn. 

miauta,  Penn. 
Spto,  Thtrton. 

seticomia,  Ti^rf. 

crenaiioomin,  Mont. 

oaloarctt,  l^mptetini. 
BrarHn'ar'n^,  Mont. 

quadroamilaris,  Mont, 
Diplotis,  Mont. 

nyalina,  Mont. 
Denis,  Adams. 
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ENTOZOA. 

Fnm  Dr.  Baird'e  ]3ritl'«!i  Muiieiim  Catnlocriic ;  nnd  Dr.  Bellinghun'a  lilt  of  Jxiatk 
Entozoa,  in  the  '  AnualB  of  Natural  liutorjr/  1844. 


Species. 


Order  XEMATOIDE A. 
Fam.  FilaxiadA. 


f  mariiui,  Ztfm.   


Triohotoaw,  Budohki. 

'elfivon.  


Hfaadaadood. 

jporpoiso. 

mnllok. 


luals  found. 


hak0. 


^acilis,  JBellivy 

•P-  

Pmn.  AscaxidsB. 

Aiettrk,  Lhnmu, 

osculskia.  liud,  ....  Jfteal. 

aucta,  Rud,  jviTiparoiu  blcD 

rigida,  Bvd.  lophitia. 

caj  -  ;laria,  Itud.  *.....<  cod,  kc. 

ooll«ria,  Mud,  .«.•...  iilouader,  &c 

claTatm,  RuA,  |ood»  he 

constricta,  Rud  |sca-9corpioils4o. 

roiood«t»» -Sm^   iskato. 

aciu,  Block   jherring. 

imgulala,  Rud  lophius. 

tenui^ima,  Zedtr  |n-hiung. 

■Gocisa,  Ri^.   lump-fkb* 

Fom.  Sderostomldse. 
CuooUantM,  matter* 

ni  1  mit ■ :  - .  P* •  ?/  fl ouiidop. 

foreolatot,  Zom.  jplaioe  and  dab. 

Stcnuru?.  Dujardiii.  | 

iaibxas,  liud.  fuaii.)   porpoiaeu 

FrbadieocMaoteP,  Ofmng.  | 

inflcxua,  Rud  ^porjwifie. 

convolutufl,  Kt(hn   porpoise. 

Order  mEl£ATOP.k 

Fnm.  Ozichobothriad^. 

Octobothrium,  Lcuckart. 


tuuiidulum,  Rud..,,,  pipe-fiab. 

fulviim.  Bud  BUle. 

vnricum   salmon. 

gibboeuni  ?,  RnJ 
rufo-Tiri(it',  Rud, 

reflexuin  ?  

cici»<m),  Rud,  . . 
ecftbnmi,  Zrdrr 
t'oiiturluju,  Rud. 

ni^'ro-flnruun,  Rud.   ..sun-fiah* 

iliirudjLnelia,  Garvin. 
davata,  Memin 


liuddoc-Jt. 
coijger-e«L 
cjcloptcrua, 
mnckerel, 
wliilin''. 
un-fiao. 


Order 

ACA3J  THOCEPHA  LA. 
Fani.  EchmorhynchidaB 
Kcliinofrhjiichua,  MHiier. 
proteoa,  Wiairvmb 


flounder. 

acu  B,  Bud.   |cod ,  Slc. 

herring. 
3eaL 


Btmnio?u*,  Riid. 


lanccolatum.  Lruck. 


Orrirr  rFSTOlDKA- 
Fam.  Khynckobathzidae. 
Rhvnchobothrium,  Blmnviile. 

coroUfttuin,  jV>i(dg  

Tc( rurb V iK-liua,  Rudolph i. 

xnc^ct'pbulus,  Rud  

aolidoa,  Jjrum  

grojous  Rud  

ruposus,  Rnird  

Tot  rabotliriorli jiichua,  Iries. 
barbatua,  Zcnii,   lleBMMi  iolci 


fihad. 


(j^peabf  ,Sm{p. 

coccinea,  Cuv.  aun-fish. 

elongata,  NiisKk  'sturgeon. 

Fam.  Distoxnidn. 

Hoooetoma,  Zeder. 

moix^Bud   

trigonocepbalum,  BwL  ...Jtiutiei. 
pietoina,  ReUim.  I 

appcndicxdatum,  BtA   ...jdiad,  Aou 

hi-j  idum,  Vihorg   alurgeon. 

nxpgMtomnmi  Bmd,  smooik  ibark* 

...lapi 


Fnni.  Txniadae. 
Bothrioccphalus,  Budoiphi. 

fru^ibX  Bud  

pmMboaeideuo,  JJaftek  

ptmctnlu?,  Ri<d  

tiuuidulus,  Rud  

mierooephalu!*,  Riid,  ..... 

cororinkis,  Rud  

coruUotus,  Rud  

paleaeeui  Bud.   

Pam.  86ci<cid». 

Scolcx,  Mi'dlrr. 
polvmorpbus,  Rud  

Order  CYSTICA. 

Fam.  C3^ticidi». 

lAjitbooephalii!>,  Rndol^ki, 

"   ^  -  Rud.   


imoothduvlu 

ipotted  dog-fiab. 
salmon, 
sialmon. 


salmon. 


shad. 

salmon,  h*. 
turbot,  &c. 
rny. 

sTin-fialu 

.skato. 
dog-ikb. 


turbot,  ho* 


pr  it  u  oeus?,  Rud,  .,•••«.< 


poradouii^  Dnm* 


tuiboli.  . 
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jtBPOBT^ I860. 


Otder  CBINOIBEA. 

Oomatak,  Lamarck. 
rosacea,  Link. 
Celtica,  Barrett. 
Bnm,  IHiben^Xarm. 

Ordor  OPHIUBOIBEA. 

FaoL  Ophiiuida. 
Opiihira,  Lamarck. 

trxtnr;!ta,  Lamkm 

aibida,  Forbes. 
Ophioooina,  Aaani*. 

neglecta,  Jonnsf. 

punctata,  Forbes. 

WtaMi»  MUUer, 

seourigeni.  P.  t^K, 

bdlisi  Link. 

braofabte,  JMimi. 

Ballii,  T7iomp<i. 

GK>odnn«  Forbes. 

graatdate.  Link. 

rosula,  Link. 

minuta,  Forbes. 

Subfnm.  EuryalidS. 
AAbrophytOD,  i/t>t<f:. 

Mutatum,  Link. 
•Asteron^,  Mull.  i(  TVweML 

Loveni,  M.  5*  71 

Oid«r  ASIfiSOIDlEA. 

Fam.  AstexMl^ 

Urastor,  Ajassis. 
glaciikliB,  Z^'nn. 

viokcea,  M  Uftr. 

hispidii,  iV?i/(. 

1  -ca,  Miill/  r. 
£obuiastcr,  Midler 4'  Ihitehei, 

oculatus,  Pmn. 
flolB0tor,  jPbrfov, 

endpoa,  Linn. 

papposa.  Linn. 


Falmipet,  Link. 

membranaccus,  Beitg. 
Asterina,  Nardil. 

gibbosa,  Penn. 
Goni  aster.  A^jftssis. 

Templetuui,  Thomps. 

oquestris,  Gmelin. 

Abbcn?«i3.  Forhe?. 
Astcrias,  Ltnmeus. 

aurantiaca,  Linn. 
Luidia,  Forbes. 

DragUisaima,  Forbes. 

8»Tignu«  AudtmiH. 

Order  ECHINGrDKA. 

Faui.  Cidaridas. 

Oidaris,  Leike. 

papillatn,  L'slcf". 
Ecniniw,  Lintueus. 
BphaanL,  JtfttiZer. 

Fleniinijii,  Ball. 
nuiiaria,  Leske. 
liTidus,  Lamk. 
melo,  Lanik. 
Korvegicua,  D.  A  K. 
neglectus,  Lamk. 

Faiu.  ClypeasteridaB. 
BohitMXTsmuB,  Leskt. 

pusillu-i,  M>'JI''r. 

fJaoentm  Gmelin. 

Fnni.  Spatangidae. 
Spat  an  gun,  Klein. 

purpureas,  MOiltt* 
BnsBtts,  Klein. 

lyrifef ,  Forbss, 
ALji|il-.irl()lii!»,  Afjassif. 

cgrdatus,  Penn. 

tOMtw,  Forhtt. 

^l^Mna,  Banttt. 


OrdflrHOLOTHUBOIDBA. 
Ttm.  Pentactida. 


Cuvier. 
firondoaa,  Ounner. 
f  focioola,  Forbes^Qoodmr* 

r?ntactes,  Mnlfer. 
Mooiagui,  Flem. 
rNeillii.  Flem. 
?dissiraili^.  Fhiv. 
ftuitoitadBtForbesifGoodnr. 
HyndmaBiii, 
Genus,  Forbn  (»< 
ria?). 
bmnnoQfl,  Fo^ittm 
lacteii'^.  Forhrs 
Paolinoe,  Forbes. 

fareris,  Forbes  ^  Goodsir. 

F&m.  Thyanidm. 
Throne,  Oken. 

fluUB,    MiilL  (|wpnicii> 

Abifdf/.) 
raplianus,  Duhen  ^  Kortn. 
^miiwiiii'*,  F.  &r  G.  (Thy- 

onidium,  D.  #  Jf.) 
Portloclui,  Forbes. 
Drumraondii,  Thomps. 
pellurid.1,  Vahl  (Cucuai^ 

ria  h^alina,  F.).  | 
flolothuria.  Linn. 
nigra,  CoHch. 
intestinalifl. 

Fam.  PsoUda. 
Piolas,  Oibm. 

pkantopua,  JUlMt. 

Forbcsii. 


Fam. 


ta, 


SjmapU 
inluei 


POLYZOA. 


GlMofied  M  in  <Jie  Brituh  Mnseum  CataltQgne 


Order  L 
OnrUKDCSULATA. 
Suborder  I.  Cbeilostomite. 
Fam.  II.  Salicomariadtt. 

fialioomaria,  Cuvwr. 

farciminoides,  Jbkitd* 

Johnatoni,  Busk. 

ainuojia,  Hassall. 
Onchopora,  Busk. 

bOMMii»ihM(. 

Pans.  m.  OeUnlttM*. 

Oellularift,  Palla*. 
Paaohii,  Busk. 


cu0pidata,  Bntk. 
Mfuipea,  JjamouroifT. 

tcruota,  Ellis  ic  Soland. 
BorapooeUaria,  VanSateim. 

scrupea,  Busk. 

•orupoM,  Linn, 
C^adB,  Lammmw. 

leptml^. 

Fam.  lY.  Sc: 

Scruparia,  0km. 

ch<'I:ita,  I  Ann. 

clavatfl,  Hmcks. 
Salpititrift,  Coppin. 

EaasaUii,  C%pi». 


Hippoihoa,  Lamownmg. 

catrnnlarin,  Jameson. 

divarii  ata,  Lanix. 
JBtoa»  Lnidourmue. 

anguina,  Linn. 

truucata,  Landab. 

recta,  Hinckt. 
Bcania.  JoJnisfnn. 

inirabilis.  Johnst. 

Fam.  YI.  Oemelletxiaxla. 

Oemellaria,  Sarignj/. 

loricata.  Linn. 
Notamia.  Fieh-ting. 

bursaria,  Linn. 
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Am.  YII.  Cabes«ad«. 
Caberea,  Lamoumut. 
Hookeri.  Flem. 

Borri,  And. 

Fam.  YIII.  BicellariadA. 

BioeUaria»  De  BiainvUU. 

dlut%£Ai«i. 

Alderi,  B%uk, 
Sugula,  0km. 

neritina,  lAmit. 

flabellato,  J.  V,  ThompL 

ancularia,  ShiU. 

Slurao»a,  Pall. 
f  urrajana,  BHin» 
turbinata,  Alder. 
fastigiata,  Fabr. 


Fam.  IX 

Fliutra,  Linn. 

foljaoM,  Lim. 

papjracea,  EUis. 

tiuQc&ta,  Linn. 

Bsrloei,  Btak. 
Carbasea,  Gray. 

papjrrea.  Pail. 

Fam.  X. 

Meznbraniporidae. 

Membnnipora,  De  Blainville, 
nmnbrauoBB,  Lim* 

pilosa,  Pal/. 
oohaoM,  Edper. 
linesta.  Linn. 

Flemingii,  Busk. 
fioaaelii,  Audouin. 
lAcroixii,  Savioi^. 
monoetachys,  Buik» 
hezAffona,  Busk. 
Poimletii,  Audouin. 
spinifera,  JoknsL 
eraticula,  Alder. 
unicornis,  Flem. 
imbollia,  Hincks. 
Lepralia,  John.^on. 
iJrongniartii,  And. 
LandaboroTu,  JohTUt, 
reticulata,  Macgilliw^. 
auriculata,  Ha^nail. 
ooneinBa,  Bu»k. 
TPrruco?a,  F'^sper» 
Tioiacea,  Ju/mgt. 
•pinifera,  Johnst. 
tn«pinosft,  Johnst. 
ooouiuea,  Abilda. 
Untarii,  JSToaid^. 
ciliata.  Pall. 
Oatt^'is,  Landsb. 
Hjadmanni,  Jolmd* 
variolosa,  Johnst, 
aitada,  lVi6r. 


inflfolontha,  LdtiM» 

innominata.  Couch. 
punctata,  Hassall, 
flgnlaris,  JokiuL 
pertusa,  Esper. 
Pallasiao*. 
labrosa,  Buik. 
simplex,  JohntL 
Maludii,  Aud. 
ffranifera,  Johnst. 
Eyalina,  Linn. 
ansata,  Johnst. 
unicornis,  Flem. 
ringens,  Butk, 
fi«8a.  Bu.fk. 
Ceciiii,  Audouin. 
Barleei,  Busk. 
canthariformis,  Bu»IL 
umbonata,  Biuk. 
disooidea,  Buak. 
b^lla.  Bi'sk. 
monodon.  Busk. 
«Iba,  Hincks. 
exiniia,  Hincks. 
W'oodiaua,  Busk. 
Aljiidota,  Bwsk. 
iUd«i,Mt. 

Fam.  XI.  CellQ^Bfldli. 

Cellepora.  Fabr. 
pumicosa,  Linn. 
HaMallii,  Johnti, 
ritjina,  Couch. 
ramulosa.  Linn. 
Skenei,  Ellis  Sc  AfiM 
tubigera,  Busk. 
armata,  Hincks. 


DNihara»  Ray. 
foliaoea,  Ellis  8f  Soland. 
oerrioomis.  Soland. 
oribraria,  joknst. 
Retcpora,  Lamarck, 
oellulosa,  Linn. 


Snboidflrn.  Cjcl 

Fam.  I.  TubuliporidtB. 
Tubolipora,  Ltauavk, 

patina.  Linn. 

faiapida,  Flem, 

penioillate,  Jokmt. 

truncate.  Jamfson. 

lobulata,  HassaU. 

Shalangea,  Comck. 
abellaris,  Fabr, 
■erpens,  lAnn, 
bjtHna,  Oomek, 
DListopora,  laimommut, 

obeUa,  Flem. 
Idmonoa,  Letmoumui. 

Atlantica.  Forbes. 
Puatuiipora,  Be  BiainvUU, 


 Couek. 

Orcadenais,  Bu^ 
Aleoto,  Lamouroux, 
granwkti,  Jf.-AI», 
major,  Johnst. 
dilatana,  Johnst, 
ittcuxrata,  Sinckt. 

Fam.  II.  OrisiadaB. 
OrimMf  Lamoureux, 
AnrnM,  Linn. 
demtiealatt,  Lamk. 
iottleata,  HattaU. 
eeniculata,  M.-Edw. 
Cnaidia,  M.- Edwards. 
oomuta,  Linn. 
Oemeh. 


Aloywnidiuim  Lamourouk. 

gelatinoflum,  PalUu, 

uirsutum,  Flem. 

parasiticum,  Flem. 

mamillatum,  Aldtr, 

albidum,  Aider. 

hexagonum,  jfiBwdhi 
Cycloura,  ^oss. 

papillosum,  Hass. 
Snwoliitaiii,  Hott, 

po^roosit  John&t, 

Fam.  n.  VedenUHadn. 

Amathia,  LamourouM, 

lendigera,  Linn. 
TMlcn&ia,  Thompson, 

spinosa,  Linn. 
YAUeria,  Fleming, 


uva,  Linn. 

pustuloaa,  Johnst. 
HSmumtUk,  JBSneks. 

gracilis,  Hincks. 
Areaelia,  Bal^eU. 

fbsoa,  DafyOL 
Notella,  Gosse. 

stipata,  Gosse. 
Bofwerbankia,  Farrs. 

imbricata,  Johnst. 
Farrella,  Ehrenberg. 

repens,  Johnst. 

gip«nt<»«. 

pedicellatA,  Alder. 

dilatata,  Hincks. 
Angiiinella,  Van  Beneden. 

palmata,  V.  Ben. 
Buskia,  Alder. 

«ffam^  Aldtt, 


Fam.  rrr.  f 

Pedioellina,  Bars. 
echinata,  Sars. 
Belgica. 
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Subkiogdom  CtELENTBJftATA. 

ClaM  HYDROZOA. 

\*  ThM  firt  i»  Mmoiled  from  Dp.  Jolmiton^s  "British  Zoophjles  "  (2iid  edit  ).  Forbes  » 
"l?ritish  NaV  d-cycd  MoUjc  r,"  and  the  works  of  Mr.  Alder,  Prof.  AUman,  Mr.  C!obbold. 
Mr.  GoMe,  Profeflsor  Ur«euo,  B«t.  ThomM  Sinclo,  Fmfowor  Hozlij,  Dr.  X.  StnChill 
Wright,  ko. 


Order  CORTNTD.l!:. 
Fam.  L  Ck>ryniaclse. 


cam* 

multioomis,  Johnston  (re- 
pens,  T.&,  Wright  ;  dii- 
cfvto,  ABmtm). 

cornea.  ^  ^  n>M/V. 
membranaoeo,  T,  <i>.  Wr^ht, 

huxnilis,  .itfir. 
Lar, 

Sabellarum,  Gone. 
Hydractinia,    Van  Bfttcdm 
(Podocoryna,  Son), 

echinats,  FUm, 

cam«a,  Bar*. 
Hjriothela,  Sort, 

arctica.  Sort. 
Ca«rateU%  JSincks. 

prolifera,  Hinck$. 
Coryne,  Gaertner. 

pasilla,  E/ir. 

Sarsii,   LovHt  (daaigunM, 

Du jar  din). 
ramoaa,  Ehr.  (losterii,  Vm 

Bmeden). 
Beasilis,  Gom, 
graraU,  T.  8.  WrigU. 
eximifl,  AUman. 
implexa,    T.   8.  Wright 

(^bularia  implCTi) 

Aldfr  \    ?  0.  Bkureai^ 

AUm«n). 

[bhould  be  referred  to 
flie  next  genus.] 
Staaridia,  7.  &  K  n^rA/. 

producta,  T.  A  ImaA^. 
Tnchydra,  T.  S.  WruM, 

Faro.  II.  TubiUariadti. 

Eudrndrimn,  Ehrenbcrg, 
ramosum,  lAnn. 

cnpillnre,  Alder. 
orbuacula,  T.  8.  Wriaht. 
jUraofefUs.  T.  8.  Wriaht. 
ramoMi,  Van  Bentdcn. 
repciia,  T.  S.  Wright. 
eeeciliB,  T.  S.  Wrtght. 

Dirrirync,  Al'mnu. 

oonferta,  Aldtr  (Eudend. 
ooafertum.  Alder). 

T.  8.  Wrir^hr 
T,  &  WrigkL 


Bimeria,  T.  8.  Wright. 
TMtita  (MaauMlia  famti, 

Allman), 
Tubularia,  Idnnaus. 

indiTisa,  Litm. 

Dumortierii,  Van39iMi0m, 

larj-QX,  Eiits. 

gradUa,  Hewtg, 
Corrmorphft,  Sari. 

QUtans,  8ar$, 

nuia,  Aktgr. 

Order  SEKTULABID^. 
AblL  8«tiilaxiad». 

Baleedtun,  Oken. 

halecinnni,  EH  is. 
Beanii,  Joknst. 
muricatnm,  EUis  Sf  Sotmi, 
labroaum,  Alder. 
tenellum,  Hincks. 
fiertularta,  lAnnma. 
poljzonins,  Litm. 
tri(m»pidata.  Aider. 
teneUa.  Afder, 
Gaji,  Lamx. 
rugOM,  EUiK 
roaaeea,  Linm. 
puraila,  T iun. 
^adlis,  Uassail. 
BrauAii  Elli$  if  Solmd, 
nigra,  Palla.^. 
piiuiata,  PalUu, 
alata,  HincH, 

Sinastcr,  Ellis  6(  Soknd. 
largareta,  HassaU, 
fallax,  Johpst. 
tamariaea.  Linn, 
abietinn.  I.itm. 
lilicula.  Kills  S(  Holand. 
operculata.  Linn. 
argentea,  tJlin  Sf  Sdand, 
cupreaaina.  Linn. 
fiuca,  Johnst. 
Thirarifi,  Flfminff» 
ihum,  Linn. 
•liiealabi.  PallaK 
Antenntilnriii.  Tn march, 
anteDoiiia,  Linn. 
ramoaa,  Lamx. 
Pluniularia,  Lamarck* 
faicata,  Ltnn. 
orialata,  Ltmk. 
pennatuU,  Elh's  ^'  Soland, 
mTiiophylluxnt  Lintu 
tuVnlBim,  Bbieki. 
pinnata,  Litm, 


Catiierina,  Johntt. 
adiinnlata,  iMmh. 

riniilis,  Hiiick$. 
frutcacena,  Eilii  4r  8oltmi, 
halccioides,  Alder. 
obliqua,    Sounder*  (Leo- 
medea  obliqua,  JomuL), 

Fam.  II. 
C^Tnp?! mil  a  ri  i  d  wff  1 
Laomedea,  Latmmrotue. 

dichiitoma,  Linn. 

lon^saima,  FaUtO. 

geniculata,  Lkm, 

flexuoaa,  Hincfcs. 

LoT^ni,  AUman, 

gelatinoaa,  PalUu, 

angulata,  Hincks. 

nefflecta,  Alder,  l 

pulchella,  Wyviile  Thmton, 

MMttta,  Johnd, 

tennis,  AUman. 

acuminata.  Alder. 
Camnantilaria,  LamtUf^ 

TOlubilis,  Liun. 

Jobnatoni,  Alder. 

Hinckrii,  Alder. 

raridentata,  Aldrr. 

Integra,  MacgiUtvrag. 

ealiculata,  Bineim, 

Terticillnta.  Lmv. 

[intertcxta.  Couch — a  reij 
doubtful  speciee.] 
Calioclla,  Hincks. 

dumoea,  Flem. 

gnwillima.  AUtr. 

pamJa,  IIlneJtM, 

inrrin^a.  Linn. 

faatigiata,  Atitr. 

liumilis.  Ifimfcf. 
Beticulaha,  WgvUk  IhotMon. 

aerpena, 
Orammaria,  Stimf90m, 

ramosa.  Alder. 
Coppinia,  Hass.  [The  poaition 

of  this  genus  is  douMftll.]  ' 

arcta,  Dalt/cU. 

OrderCALYCOrTrORID.fi. 

Fam.  Diphyd». 
Diphjea,  Cuvier. 

•iMMndionlataa  Fhrkarhottw 

Older  PHYSOPHOBID J&. 
Fam.  I.  StopliaiiOBktete 

rubruiDt  Vogt, 
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Fam.  II.  PhysaliadM. 

Pljysalia,  Lamarck. 
pelagica,  Eschscholig, 

Velella,  Lamarck. 
•piraiis,  Forik. 

Order  MEDUSID.E. 

Fam.  I.  WiUsiadJB. 
Willaia,  Fordec 
■taittatei  ivVfiM. 

Fkm.n.  OoMOldtai. 

Tnrris,  Lesaon. 

digitalis,  O.  F.  MUlUr. 

aeglecta,  Lesson. 

constrictft,  Pnfferson. 
Sapht'iuH,  EschschoUi, 

dinema,  Pirom* 

Titania,  Gnssf. 
Ooeania,  Feroii. 

OOteUMt  Flcm. 

episcopalis,  Forlm, 

turrita,  Forbes. 

Slobuloea,  Forbet. 
ucalis,  Forbes  tf  Q^titit, 
pusilla,  Gosse. 

Fam.  III.  jEquoreadtt, 

StomobrachiaiQ,  Brandt. 

octoooetatiun,  Sarg, 
Poljxenia,  EschackoUg, 

Alderi,  Forba. 
JBqaortt^  Phn<m, 

Porskalii,  Forbes. 

Forbenana,  Gosat, 

TitriiM,  Omm, 

formosa,  Grmu, 

■p.,  Greetie. 

Fam.  IV.  CiroMte. 

Ciroe^  Mertens. 


Gkryonia,  Per  on. 

append icuiata,  Forbig, 
Tima,  EachschoUe. 

BtoMii,  JMw^ 


»*♦  The  liat  of 
Order  ZOANTHABIA. 

Fam.  I.  ActiniadM. 

Actinolobia,  BlainviUe, 

dittithus,  Blainv. 
jSuartia,  Gosse. 

beUis.  FMis. 
,  nuniatA,  Gons^: 
rost'ji,  Go.ve. 
ornata.  Il>!<L^wor^h. 
ichtbj^toiua,  Gosse. 
nivea,  Gosse. 
sphyrodeUi,  Gosse. 
{MtUidA,  Holdsmrth, 


Geiyonopsis,  Forbes. 

delicatula,  Forbes. 
Tiaropadi^  Apamit. 

Pattcrsonii,  Grecixe. 
Thaumantia:5>.  EschscKoUe. 

piloflella,  Forbes. 

qiiadraU*,  Forbes, 

aeronaut  ictt,  Forbes. 

OCtona,  Forbes, 

maculata,  Forbes. 

melanops,  Forbes, 

^obon,  ForlKs. 

con  vera,  For  Us. 

ffibbosa,  Forbes. 

uneata.  Forbea, 

pileata,  Forbes. 

iSarmca,  Forbes. 

ThompMni,  JMm: 

hemisphiErica,  0.  F.  MUUr, 

inoontpiouat  Forbes, 

fMnolKS,  fbrbn, 

lucifcra,  Forhrg. 

£u3kiana,  Gosse. 

oorvnetes,  €hm. 

onaulata,  Forbes  Sf  Oeodtir. 

coa^aaaBtForbes  ^  Ooodair, 

toliros,  OMoU. 

neglecta,  Greene. 

^ioa,  Greene. 
SlabMria,  Forbes. 

halterata,  Forbes. 

catenata,  Forbes  8c  Goodsir, 

Fani.  VI.  Sarsiad». 
Plancia,  Forbes  Sf  Goodsir. 

gracilia,  I^trhes  Sc  Goodsir. 
Goodflirea,  Strefhill  Wright, 

mirabilia,  8.  Wryht. 
Sania,  I^mon. 

tubulosa,  Sara. 
pulchella,  Forbes. 
(Bmiiiiftra,  Wofitt. 

prolifern.  Fnrhcs. 
Hiopocrene,  Mertens, 
Britamiiea,  IMn. 

nigritolla,  F'tyrbes. 

pjramidato,  Forbtt  ^Qcod' 
sir. 


eradfera,  Forbes  4-  Goodsir' 

timplex,  Forbes  4-  Goodsir 

dinema,  Greene. 
Lizzia,  Forbes. 

ootopunctata,  Sars. 

bloDdiiM,  tMu, 

Bp..  ClapafUt. 
Modeeria,  IMm, 

formoaa,  Forbes. 

DIplOTienKi,  Greene. 

Uandica,  Greene, 
BophjM,  Fof^ 

MUata,  Forbes. 
Stanitrupiat  Forbe$, 

flafaola,  Forbes. 
Owonii,  Grreene. 

Order  LUCERNARn).fi. 

Fam.  I.  LucemaxiadMb 
Luoemaria,  Miiiler, 
Munoola,  Mr. 

campanulata,  Lamx* 

fascicularu,  FUm. 
Depastrum,  €hm. 

8teUifron^  Gosse. 
Cardueila,  AUman. 

opJMhKttOM,  Sort, 

V»m,lL  PilagicUB. 
Aorelia,  PSnm. 

•urita,  O  F.  MilUer, 

oampanula,  0.  FabH»i$m 
Cyanaa,  Piton. 

capillata,  lAnn. 

Lomarckii,  Fir<m. 
yrftgia,  Ptronsi, 

cyanella,  Piron  gt , 
Chr^aaora)  Peron. 

hjwoaodSii,  Hum, 


Fam.  Ill 

OiMioMus  Ftrou. 

lunulata,  Firm. 
Bhizoatoma»  Cfunsr, 


Class  ACTINOZOA 
ZoADthaha  ia  takea  lirom 

oooeinaa,  Muli. 

troglodyte*.  Joknai, 

Tiduata,  ^fiill. 

paraaitic^,  Johnst. 

chrysoaplenium,  Cbob, 
Adamsia,  Forbes. 

palliata,  Forbes, 
FbsUia,  Oome. 

mured  n  eta,  Gomt, 

gausapata,  Gotm, 

piotfty  Ooms. 

Brodriflu,  Chm, 


n 


fg  It 


Gregoria,  Chase. 

fenettrata,  Gom, 
Aiptaaia,  CbeH. 

roufhii.  Cocks. 
Antbea*  Gaertner, 

oeretu,  BSUa. 
Aotiaja,  Lkm, 

laatiMpbryantlieiaiaBiiii  SUia, 
Bolooora,  Joknat. 

Tuedixe,  Johnat 

eques,  Gosse. 
Bunodtis,  Gosse. 

gemmacea,  EOia, 

f  hftUiii,  Gttata, 
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BllHi.  Coeki, 

ooronata,  Gt 
Tealia,  Goste. 

difptMiA,  Mull 

tuberculata,  Corks. 

cmnoomis,  MuU. 
B0RIUltlu&,  Gosse. 

margarita.  Gosse, 
Stomphia,  Go»ae. 

Churblda,  Gom. 
Ilyanthus,  Forbes. 

'SooUouB,  ForbcB. 

Hitehdlu,  Gom, 
Peachia,  ^7ow. 

hactata,  Gom, 

nndata,  Gem, 

triphvlla,  Gmt. 

CTiin'drkia,  ML 
HauMBp«>  Gmi. 

chryaanthemtUDt 

micropa,  Gotm* 
Bavardaia,  Quaimfif^ 

callimorpha,  Gom* 

carnea,  Goste. 

Beautempaii.  Quairiff, 
jbttohnaotia,  San. 

albida,  Sars. 
CerianthuB,  J.  Haimt, 

Uojdii,  Gosst. 

Termifularis,  Forhtt, 
Capnea,  Forbes, 

Banguinoa,  Forkm, 
Aureliania,  Gom* 

angusta,  Gom, 

heteocera,  Thm§^ 
Corynactis,  AUman, 

Tindis,  4Uman. 


Fam.  n.  ZoaatihldM. 

Zoantlms.  Ciinfr. 
Couclui,  Jokntt. 


Alderi,  Gom 

Fam.  in. 
Caiyophylloada. 

Pjrathina,  Ehrenberg, 

Smithii.  FUrm. 
P^cjathus,  M.-Eimanb 

Taxilianus,  Gosse. 

Thulensia,  Gosse. 

piteropua,  Gosse. 
Detmoph^lluni.  Fhrmherg, 

Stokeaii,  M.-Eduards. 
Bpbenotrodiua,  M.-Edu'ard$. 

Macandrewanas,  M.'Ei». 

Wrigbtii,  Gom 
Vloejutax%  San. 

arcticu3.  Snr/t. 
Ooulina,  Lamarck, 

pcoLiftvai  Xiifiii* 
Hrolangia,  Gnsse. 

]/arotrix,  Gosse. 
BtlsDophvllia,  Wood, 

VQgu,  Gma. 

0id«ALC70H4SIA. 

Fun-L  gmmtnlKlli. 

Pennatula,  Liniusu*, 

phoaphorea,  Lmn. 
Yirgiilana,  Lamarctu 

mirabiliB,  Linn. 
PaTonaria,  Ouvier. 

^uadrangularia,  PaU, 


Fam.  n.  AlosmldM. 

Alcyonium,  LiniUBUO,  , 

dUgitatum,  Linn. 

glomeratum. 
BaroodictTon.  Forbta. 

catenata,  Forbes 

agglomerate. 

Fim.  m.  OoiiontoidUi. 

Goigoiua»  lAniunm. 

rerrucosa,  Linn. 
pinnata.  Linn. 
anoppa,  ElUs. 
Prininoa,  Lamarck^ 
lepadilera,  Linn. 

Order  CTENOPnORA. 

Fam  T  CydippidJB. 

Cjdippe,  f^h. 
pileus,  Mail. 
Flennneii,  Forfifs. 
infoudibulum,  MiM. 
lagena,  Forbes, 
ipoadiuaaaa,  Paterton, 

Fun.  n.  CMsmmidii. 

Bolina,  Paferson. 
nibemica,  Paterson, 

Fam.  111. 

Beroe,  MiiUer. 

cucumis,  Fttbr. 
fulgens,  Fiem. 
borealis,  Lm. 
Aleinot.,  CttP, 
rotunda. 
Smithii. 


Subkingdom  Protozoa. 

FOBAIOHIFBRA. 

««*  Thia  Ust  of  Britiab  VotmmtBn  it  Ukao  from  Vtat  'WWknim'n  **BMMt 
Foraaiiiiifa»tfGnrtBntMii,"pid)liMt7flM 


YnlbmdaM,  WiWammu 

fuaifornia,  Williamson. 
pieudoapiraUs,  WiUianuon, 
OAlllniat  UOrbiqnjf. 

\xxixnKmtJfOrk, 
I«gena,  Walkm: 
Tolgaria,  WUHammi, 

▼ar.  clavata. 

Tar.  pcrlucida. 

Tar.  aemiatriate. 

yut,  atriata. 

Tar.  interrupte. 

Tar.  gracilia. 

Tar.  aabatnate. 
Eatoaolaiia,  Ektembar$, 
globon.  Walhtr. 

W.  lineata. 
coatata,  Williamson. 
margiuata,  U  aiktr. 


omata. 
▼ar.  lagi'itnidcs. 
Tar.  quadrutu. 
■qoWMM*.  Mont. 
iftr.  acalariformia. 
TW.  eaten  ulata. 
Tar.  hexagona. 
liingulinn,  D' Orbignff, 

carinata,  2/  Orb. 
KodoMoia,  Umarek, 
radicula.  Linn.  ' 
pyrula,  i>'OrA. 
])Mlta]iitt,  JfOrhigny. 
aubarcunta.  Moult, 

Tar.  jbgoaa. 
leguroan,  £mmi. 
Tar.  linearia. 
Frondicularia,  Dehaum, 
apathalata,  WtmMmn, 


GMatellaria,  Lomortk, 
calcar,  LinH, 
Tar.  rotifera. 
mr.  oblonga. 
tubarciiatula,  Walktr* 
Tar.  tostata. 
Nonionina.  1>' '  >ffn'gl^, 
Barleeana.  H  i/lianmm. 
craasula,  WnlAcr, 

JeA«!3rni.  WiUianmn, 

elegan«,  H'i//innison. 
Kummulina,  B'  Orbigny. 

Slanulata,  Lam. 
jstomolln,  Lamttl^, 
criapa,  Linn. 
umtailiaitak,  W0Xhtt. 
var.  incerta. 
Peneroplia,  Monffort. 

planatna,  Fiekt.  f  iML 
pAuina,  Wmammu 
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Rotalina,  Orhignjf, 

Beocftiii,  Lnm. 

inflate,  Mwti. 

turgida,  Wt'Hiamson. 

oblongft,  WilUamton, 

oonouiMrate,  Mont, 

nitida,  Williamson. 

Duunilla,  WiUianuon. 

odhiWM,  WiUianuon, 

taant  WUUaiiisun. 
Olobifferina,  2/  Orbigmg, 

bulloidea,  irOrA. 
Fknorbiilina,  jyOrbigHjf. 

Tulparifi,  jy  Orb. 
Truncal  uiiu  a,  D' Orbigny, 

lobfttula,  Wdker. 
Bulimina,  IT  Orbigny. 

pupoidee,  D  Orb. 
Ttr.  marginate. 
rar.  spiniUosa. 
Tar.  fusifonxua. 
TH*  <Miniprmi 


fvt.  oooToliitea 

eletranliVsima,  JFOA 
acabra?,  WiUiatMon, 
UngeriiM,  It  Orbigny. 
pjgmsa,  Or6. 
■nguloM,  fTi/lfomuoii. 
Caandalina,  J/Orhipny, 
ksTigata,  IT  Orb. 
obtuBa,  WilliaJfuon. 
Poljmorphina,  jyOriunuf. 
lactea,  Waiker. 

var.  acuminata. 

▼ar.  oblonga. 

TV.  ftrtnloM. 

Tar.  ooncara. 

var.  oommunis. 
mjriitifonnia,  WUKmmm, 
Teitularia,  Df/rance. 
cuneiformia,  D' Orb. 

Tar.  conica. 
TBhabilis,  WiUiamtOK* 

Tar.  spathulata. 

tar.  uffonnia. 


tar.  larinte. 

Biloculina,  J/Orb^n^, 
ringens,  J/  Or6u 
tar.  oarinala. 
Bpirolooulina,  IT  OrHgHff, 
depriin,iy  Qri. 
tar.  rotttndata. 
tar.  cymbium. 
Miliolina,  ffY^'oiiMOfi. 
trigonula,  Lamk, 
■smiiiulum,  Liim, 
Tar.  oblonga. 
Tar.  diMiformia. 

Tar.  elegans. 
Tar.  angulata. 
Tartebralina,  DOrHgtllf, 

striata,  D'  Orb. 
Sjuiillina,  Ehrenberg. 
ihltnnoa,  Pkiiippi. 
perforata,  Sckultre. 
arenacea,  WiUianuon. 


LIST  OF  BBmSH  SPONGES. 


Tethya,  Lamarck, 

cranium,  Johnsi,  (notVUIL) 

Ipicxirium,  Joknit, 
Q«odia,  Lamarck. 

ZMIaadiM.  JbM. 
Pachymatisroa,  Botcerbank. 

Joimjtoniai  Bowb.  (Hali^ 
dioiidria,JMiu^) 
Haliebondria,  Fkmbig, 

paninea,  JoknU, 

ooaUtai,  Ji^nti, 

^bra,  Bowb,  MS. 
nooosploiiat  SouA,  MS* 

caduca,  Bowb.  MS. 
diatorta,  Bowb,  MS, 
Dickiei,  Bowb.  MS, 
Batn,  Bowb.  MS. 
lingua,  Bowb.  MS. 
oorrugata,  Boiob.  MS. 
granmate,  Bowb.  MS. 
Thompwmi,  Bowb.MS» 
plumofla,  Jokrut, 
noniatans,  Jokrut. 
fallax,  Bou'b.  MS. 
paupera,  Bowb.  MS. 
Clarkei,  Bowb.  MS. 
Tariantia,  Bowb.  MS. 
Hyndmanni,  Bowb.  MS, 
nigricatiB,  Bowb.  MS. 
Ingalli,  Boub.  MS. 
fimbriata,  Bowb.  MS. 
albnia,  Bowb.  MS. 
farinaria,  Bowb.  MS. 
Hymoniacidon,  Bowerbank 
(HalifllKmdria, 

Tlioma.«ii  i%>w&.  MS. 

fragiils,  Bowb,  MS, 
•w\  7ii8«  ■»»  1  acfl 


albescens,  Jokrut. 
carunoula,  Bowb.  MS, 
Aldori,  Bowb.  MS, 
perlaeTia,  Johmt. 
aurea,  Jokntt. 
pachjderma,  Bowb.  MB, 
oruatulai  Bowb.  MS, 


armatura,  Bowb.  MS 
floreum,  Boufb.  MS. 
oamota,  Botob.  MS, 
Tiridans,  Bowb.  MS. 
•ulphurea,  Bowb.  MS, 
daTigera,  JM.  Jf& 
■ubdaTata,  Bowb.  MS, 
laotea,  Bowb.  MS 
Duiardimi  (HaliMroa)^ 

Jokrut. 
oelata,  Jokrut. 
Halina,   Bowtrbank  (Hali- 

chondria,  Jokntt.). 
auberea  (Haliehondm)^ 

Jokrut. 
Asm,  Jokntt. 
carnosa,  Johntt. 
Bucklandi,  Bou^.  MS. 
Iiodictya,  Bowerbank  (BUI* 

chondria,  Johnxf.). 
Peachii,  Bmvb.  MS. 
ioaea,  Bowb.  MS 

permoUi'i,  Bowb.  MS. 
mdistincta,  Bowb.  MS. 
indeflnita,  Bowb.^S 
Macandrewii,  Bowb.  MS. 
dichotoma,  Botob.  MS. 
cuMvea,  Jiokmit. 
nunuaculufl,  Bowb.  MS, 
•imolo,  Bowb.  MS. 


fuoorum,  Jokrut. 

Alderi.  Bowb.  MS 

Normani,  Bowb.  MA 

lobata,  Jokrut. 

Barl00i«  Bowb.  MS. 

aneOia,  Bowb.  MS. 

Bttgarii,  Bowb.  MS 

Beanii.  JMJra 

dava,  Bowb.  MS 

infandihttlifonnia,  Joknat. 
Demaoidoa,  Jiw»irftaid^31». 
lichondria,  Jokrut,), 

mfft^fila^ihkmt, 

fintuoaai  iMttut, 
Baphyrus,  Bowerbank. 

OnffiUuii,  Bowb.  MS, 
Dictyocjlindrus,  Bow§tb€mk 
(Halrchondria.  J<^kut,), 

atopoana,  Johnst. 

Howaei  Bowb.  MS. 

ramoauB,  Johnst. 

aouleatua,  Bowb.  MS. 

Tentilabrum,  BouA.  MS 

fcarieuUrii,  Bowb.  MS. 

rugosm,  Bowb.  MS. 
Haliclona,  Bowerbank  (Hali- 
chondria,  Johrut.), 

elmata,  Johnst. 
ontagui,  Johntt. 
pji^BUBa,  Bowb. 
aenata,  Johrut. 
aimulana,  Jokntt. 
colombe,  Jokntt. 
grncilenta,  Bowb.  MS. 
MicrooioQat  Boworbiinkf  MS 
alro<4aiigauMa,  Bowk,  MS. 
armata,  Bowb.  MS. 
camusa,  Botob.  MS 
ambigua,  iZoirfu  if  A 
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i.Tvi(i,  Sou'h.  ^fs:. 

spinulenU,  Botob.  MS. 
Hjmeniphia,  Bmerh«tHk,M8.  ^ 

Termiculata,  Bomb.  M8, 

■taUifera,  Ihwh.  M& 

flisrata^  Bomh.  M8. 
Hympdeemin,  BoiDerbank,MS. 

2^tlaudica,  Bowb.  M8. 

TvmmamioMiit  £owb,  MS, 


mftmmillaris  (HtlkllOa- 


brpri«,  Bowb.  MS. 
robiuU,  Botob.  MS. 
HilioMDiM,  Bowtrbtmk,  M8. 

pattTn,  Bcrrr  f),  MS. 

PhaUUia,  Bowb.  MS.  (HaU- 

rentilabrum,  Joktui, 
Djnide*.  Jok$uton, 

fragilia,  M$ut. 
Spon^a,  Linn<rus. 

pukhella,  Jokrut, 

firal 


Grant  ia,  Ffemiitff, 


ciliaU,  Johns^. 
enaata,  Bowb.  ^V.Sf. 
tewelliti,  Bo»b.  MS. 
Leaoonia,  Bowrhmi  (fli«B« 
Hm,  JokMsi.). 
mrm,  Mknai. 
fist  111 osa,  Johnsf. 
Leuooaoleuia,  Bowerbank, 
jr&  (Gfantia,  JUM.> 
Sde«.  Johnst. 
Jokmt. 
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MATHEMATICS  AND  PHYSICS. 
Mathematics. 

Address  by  tiie  Uev.  Prof,  Paice,  M.A.y  F.R.S.t  President  of  the  Section, 

OKNTT-TiMFy, — A  OH'^tom  ha^  prevailed  at  our  Meetings  for  some  years  for  the  Pro- 
aidcnt  of  each  Sectiua  to  make  a  short  address  at  the  opening.  The  object  of  it  I 
take  to  1>e  twofold;  fin^t,  to  expUin  to  new  members  the  nature  of  Die  bttsineas  which 
we  have  to  tmnsact;  and,  secondly;  to  aujrgest  to  all  the  course  of  procedure,  and 
the  di^^tribntion  of  cubjoct  rwmi  ronv»»niniit  for  the  conduct  of  our  business.  The 
ai-ea  of  gcientiiic  research  which  this  .Se<'tiou  covers  is  very  large,  larger  perhaps 
than  that  of  any  other;  and  its  subjects  vary  eo  much,  that  while  to  tome  of 
those  wht)  frof^iu;nt  this  room  certain  pupeiN  nmy  upp-^nr  (lull,  yot  to  others  they 
will  be  full  of  intorest.  Tliere  nrr^  many  and  vi-ry  ;?ood  reasons  why  these  subjoots 
should  be  grouped.  Some  of  them  posweas^  probably  in  the  hij^heat  degree  attain- 
able by  the  human  intellect^  the  charoctenatics  of  perfect  and  necessary  science ; 
while  others  nre  at  present  little  more  thnn  n  conp-lomfrntion  uf  ob-ervations,  made 
indeed  with  infinite  skill  and  perieverunee,  and  of  the  greatest  value ;  capable 
probaUy  in  time  of  greater  p«rfoction,  nay,  perhaps,  of  most  perfect  forms,  but  as 
vet  in  their  infancy,  scarcely  indicatiiig  the  process  by  whicn  that  maturity  will 
be  arrived  at,  and  containing  hardly  the  barest  outline  of  th  'ir  nltinmto  law?.  We 
have  indeed  sciences  intermediate  to  these  two  extremeS|  in  wineii  some  of  the  laws 
are  already  cafiable  of  mathematical  expression,  and  from  whidi  nsults  have  been 
derived,  and  still  many  phenomena  are  m  yet  not  brought  within  their  compvehen* 
sion.  But  as  all  subjects  which  we  regard  in  this  Section  are  of  one  type,  so  are 
they  rightly  combined  j  and  it  will  bo,  i  ventm-e  to  think,  an  evil  day  itur  natural 
knowlM^ie,  when  we  cease  to  regard  the  forms  cK  the  seiences  of  space,  numbery 
and  motion,  as  tlio.^e  to  wludi  all  other-  ou<^ht  to  as>«imilate  theTn-»elvt'S. 

Now  first  of  all  in  our  S.  (  tioii  ntand  Mathematics,  both  pure  and  applied.  The.'ie, 
indeed,  require  very  heavy  and  anluous  study,  ina.^mucn  as  they  liave  peculiar 
nomenclature,  l:ui;^uage,  and  processes,  and  thus  it  is  only  to  the  few  gimerally  who 
have  made  them  f  li«  ir  particular  study  that  they  itfrcr  preat  interest.  Mathiniiatics 
have  also  now  Ik^coiuc  »o  Inrpe  in  their  grasp  and  eo  curious  iu  their  details,  that  I 
am,  I  am  sure,  only  expressing  the  opinions  of  most  analysts  when  I  say  tnat  the 
wkde  of  a  man's  fife  is  not  sufficient  for  more  than  one  branch  of  it  Indeed, 
and  we  nr»'  |>!oud  to  say  so.  some  members  of  this  Asiiociatiou  are  d-  votin?  whole 
lives,  and  mtellecta  too  of  the  highest  order^  to  the  advancement  of  oiur  kuowledgo 
in  a  particular  direction.  Take,  for  instance,  the  theory  of  homogeneous  forms; 
In  the  history  of  science  the  names  of  IWle,  Cavley,  Sylvester  will  always  be 
recorded,  and  in  scientific  treatises  their  labours  will  titi'l  h  place.  f)r  take  again 
the  theory  of  elliptic  function^  or  the  calculus  of  prubabiiities ;  the  difficulties  of 
these  subjects  rec^uire  the  utmost  tennon  of  the  human  mind,  and  even  then  they 
transcencf  it3  linnts.  To  many  of  the  usual  attendanl>i  on  this  Si-ction,  tliese  anil 
kindred  subjects  may  bo  dry  and  uninteresting.  Well,  if  thev  are  so  to  any  of  you, 
I  must  beg  you  to  bear  with     for  a  short  time  j  these  things  have  a  aecp  and 
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significant  meaning ;  and  he  assured  too  that  llicy  are  not  uninteresting  to  all ;  to 
nuuiy  they  give  the  purust  pleasure;  and  I  must  ask  you  not  to  grudge  thtim  that 
during  the  few  papers  on  tne  higher  mathematics  which  we  sh^l  probahly  have. 
Li  puuiig,  too,  I  woiuld  remind  you  thftt  Tery  frequently  onr  knowledge  itf  oatimd 
phenomena  depends  on  certain  integrals,  the  properties  of  which  cnn  (m\\  he 
studied  with  a  profound  knowledge  of  Uie  higher  mathematics  i  and  thus  the  nro- 
gxew  «^  one  Imneli  of  knowledge  depends  on  another,  and  is  firequently  stoppea  by 
our  ignorance  of  that. 

To  most  of  us,  probably,  tho  i^juf^-itiiins  of  applied  mathematics  will  have  j?rpater 
interest:  we  are  more  fn-tniliAr  with  the  laws  ot  nature,  the  mathematical  interpret 
tation  of  whichi  mixed  mafhematica,  as  they  aie  calied,  take  ccMrnizanee  of ;  we 
most  ca^rly  catch  at  the  results  of  those  laws.  Consider  the  Newtonian  law  of 
gravitation  in  its  most  general  form ;  m  itn  liighest  development  in  the  lunar  and 
planetary  theories,  a  dry  muthematical  pap«'r  thiu  our  room ;  an  astronomical 
paper  will  often  fill  it:  and  now  too,  perhaps,  more  than  heretofore;  for  onr 
interest  in  the  subject  has  been  lieenly  aroused  of  late.  The  lunar  disturhanro- 
have  been,  as  you  Know,  calculated  ^.vitli  greater  preci>ion,  and  new  re.-sults  lunt* 
been  arrived  at,  which  exliibit  cerLaui  didcrepaucies  relatively  to  the  old.  1 
need  do  no  more  than  allude  to  what  has  lately  taken  place  at  our  own  Royal 
Astronomical  Society  and  at  the  French  Academy ;  and  express  n  hope  that  we 
fliall  have  some  communication  on  this  subject  firom  tliose  who  are  here  present,  and 
are  so  well  qualified  to  give  it.  Mathematicians,  however,  have  been  startled  by 
an  announcemant  tbat "  what  is  commonly  called  mathematical  evidence  is  not  so 
certain  a.^  many  persons  imagine:  and  that  it  idtimately  depends  on  moral  idencc 
and  moreover  we  are  told  that  the  "  results  of  lonffand  complicated  mathematical 
ealeulitions  ate  not  more  than  prdbaUy  trae."  This  we  can  hardly  beliefrei  it 
takes  us  ^lute  hy  surprise,  and  we  hope  for  further  light ;  if,  however,  wa  must 
wait  for  light,  we  must  wait  patiently;  let  us  not  forestal  a  conclusion  which  many 
of  us  venture  to  think  is  as  yet,  not  to  sav  more,  unproved :  let  us  wait  ibr  the 
saw  lunar  tfaeotiee,  which  are  aa  yet  unpun^hed.  ana  tot  the  new  lunar  tildas^ 
which  are  the  re.sults  of  these  theories.  I  am  told,  however,  already  that  Biiron 
Plana  has  cnncrted  his  calculations,  and  that  he  finds  the  results  anived  ot  bv 
Delaunav  and  Adams  to  be  in  accordance  with  his  amended  lunuuiie.  These  ucw 
lunar  ealeulations  have  taken  us  by  surprise;  but  again  I  would  say  let  ua  waity 
''auttna  est  Veritas  et  prrovalf?bit.*' 

Wo  are  desirous,  so  far  as  is  possible  consistently  with  tho  convenience  of  con- 
tributors, to  takti  the  papers  on  mathematical  subjects  on  the  early  days  of  our 
meeting:  and  we  shall  be  glad  therefore  if  members  who  have  papei-s  on  the»e  sub- 
ject? will  announce  them  to  the  fcst  cretariea  without  delay.  Ajiq  before  1  proceed 
further,  we  have  a  debt  to  pay,  due  by  the  cultivators  of  these  branches  of  science, 
to  those  who  have  lately  contributed  reports  on  particular  parts  of  our  science  to 
the  British  Association; — to  Mr.  Caylev  for  his  report  on  the  proacnt  state  of 
Theoretical  Dynamics,  and  to  Mr.  Smith  for  the  fii^t  part  of  his  report  on  the 
Theory  of  >iumben.  It  is  only  they  who  have  had  to  go  through  the  exietisg 
liteiatafe  in  any  one  problem,  say  the  I^agraugian  equations,  or  tihe  theoiy  of  tiia 
motion  of  a  material  system,  that  can  form  an  adequate  value  of  such  papei^  as 
those  I  refer  to:  the  literature  is  catnli<guf>H,  iiKhxed,  and  analysed;  we  know 
thereby  aU  that  has  been  done  up  to  a  ceruuu  uuiut,  aud  iu  our  subsequent  inves- 
tigations our  commencement  starts  from  the  close  of  other  men*B  laooum  We 
are  hereby  provi-nted  froui  travelling  over  other  meu'a  ground  ;  and  we  avoid  that 
most  unsatisfactory  plagiarism  of  thejii,  **  qui  n(*-*tra  ante  nos  dixerunt."  Vast  and 
vai'iuub  ai'o  the  benelits  of  our  Asfeociatiou  ;  but  i  am  inclined  to  consider  as  one  of 
the  greatest,  the  setieaof  A  alunble  reports  which  our  published  volumes  contsia; 
aud  those  bust  reports  to  which  I  have  referreil,  for  tlieir  Icaniing,  their  (  p  re- 
search, their  comprehensive  views  of  the  theories  explained  in  them,  will  maiuUtiu 
tho  character  shared  by  their  predecessors.  While  we  lament  the  loss  of  l>r.  Pea* 
cock  and  othonsy  to  wnom  wa  owe  the  very  able  reports  contained  in  the  earlj 
volumes  of  our  prnc  f  dingiy  we  are  pcoud  to  naTe  worthy  iooceeson  In  our  piestnt 
taltiuted  contributors. 

We  propose,  nest  in  orders  io  take  those  papers  whidi  treat  of  subjects  within  die 
gnap  a  yiathftPifltifftl  ajrabok,  at  leaat  pvtiaUyi  if  not  wholly;  those  whow  ^wa 
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are  sufiknently  gonoral  for  functional  symbols,  and  from  particular  fomia  of  which 
by  nmLliematicai  piutesses  other  truths  may  be  derived.  Such  are  tho  subjects  of 
iJight,  Heat;  Sound,  Electricity,  BCagnetiBm ;  we  propose  to  take  these  subjeoto  in 
tlm  latter  ilftvs  of  tliis  wock,  and  the  first  day  of  next.  Wo  shall,  of  course,  eon- 
suit  tho  convenience  of  contributors ;  but  it  "s^nll  tend,  wo  think,  to  the  orderly 
lu-raugemeut  of  our  bujiineds  if  thL^  order  ctm  be  adopted.  Yost  indeed  in  theur 
subjeetB  are  these  edences;  and  as  discoveriea  ai«  l^in^  daily  made  in  them, 
we  haye  a  ri^ht  to  exp«jt  BOme  interesting  communications,  either  in  the  way 
of  mathematical  deduction  ftt)m  rtfceived  laws,  or  an  mathematical  explanft- 
tioaa  of  observed  phenomena,  or  as  simple  experiments.  I  cannot  help  observuig 
beie  tibe  advantage  of  combining  these  sciences  in  the  same  Section  with  pure 
mnthrmatics ;  it  seems  to  indicate  tliat  the  hiws  of  all  are  to  be  brought  to  the 
same  test, — to  the  uever-iailing,  to  the  imerhng  accuracy  of  measurement  and  num- 
ber;  we  show  herel^  the  diatactn'  of  tiie  knowledge  we  are  in  seazeh  of ;  not  for- 
tnitons  observation,  but  precise  laws.  The  ndnd  will  wander  in  its  imaginatiloa ; 
there  i?,  indeed,  no  bouiuiary  to  it;  once,  however,  bring  it  back  to  the  gevere  teat 
of  number  and  weight  and  measurement,  and  the  discoveiy  or  the  obsenation 
becomes  yaluable  for  its  precision ;  it  thus  leads  to  general  laws,  and  sound  mathe- 
matical reasoning  derives  from  them  the  results  they  aio  j^iregnant  with. 

And,  finally,  we  come  to  the  facts  of  meteorolog}-  and  it>  Icinclivd  subjects,  many 
of  which  are  scarcely  yet  brought  withiu  au^-  law  at  all  j  anaiogiei*  have  been  traced, 
and  concnrrent  evwDts  have  been  indicated  m  many  cases ;  litUe,  however,  has  been 
done- towards  a  patisfactorv  proof  of  n  connexion  between  cawso  and  effect.  It  iS 
true  that  curves  ai-e  traced,  w  hich  purport  to  exhibit  these  etiects ;  and  they  do  so 
most  graphically ;  but,  as  mathematicians  say,  these  curves  are  traced  only  by  poiiUtf 
and  the  law  is  not  known,  or,  in  other  words,  we  do  not  know  the  epilation  (rfthe 
rtuTo;  so  lonp  as  this  is  the  ca-^e,  our  kivmvli  i^^  ,  lack-^  precii^ion.  Those  papers, 
however,  are  frequently  valuable,  bccauae  the}  t^upply  us  with  accurateiv  observed 
facts,  which  will  douliuess  hereafter  be  brought  wioiin  a  law.  This,  howeTsri  I 
suppose  at  prssent  to  bo  the  state  of  the  case  \  but  we  must  not  despise  the  lesMl 
li<^it  becau<:c  we  have  not  t  !i'  p-eater.  T  cannot  pass  over  this  class  of  papers  (papers 
of  observ  ed  facts)  without  alluding  to  the  loss  which  we  all  feel  in  the  death  ot  the 
late  able  Professor  of  Geometry,  Professor  Baden  PowelL  For  some  years  past 
has  he  continued  his  reports  on  the  meteors  or  falling  stars,  or  whatever  you  call 
them  ;  this  year  we  have  his  last  report,  which,  indeed,  lie  has  not  lived  to  finish, 
but  has  been  placed  in  the  hands  of  Mr.  Glaisher,  and  completed  bv  him.  In 
some  of  these  subjects  we  shall,  I  hope,  obtain  lane  aeeeasiona  to  our  Knowledge. 

Some  few  years  ap-o  I  romeniber  reading  a  complaint  uint^'  liv  nu  eminent  philo- 
sopher ou  tlie  decay  of  mathematicjd  knowledge  in  Great  Britain,  and  especially  in 
that  of  physico-mathematical  knowledge.  It  is  not  my  duty  to  make  invidious 
distinctions ;  but  I  am  sure  I  am  repeating  the  now  common  opinion  of  foreigners 
when  I  tell  you  tlmt  that  complaint  was  made  in  quite  the  infancy  of  <omo  nf 
our  older  philosophers,  and  before  the  days  of  Cayle5r,  Sylvester,  Boole,  Mac- 
cuUagh,  Stokes,  W.  Thomson,  and  Adams.  To  this 'revival  of  science  amongst 
us,  doubtless,  many  causes  have  contributed ;  and  I  believe  that  the  periodical  meet* 
ings  of  this  Association  have  df»ne  good  service  towards  that  Tevivnl ;  wf  have 
hereby  become  acquainted  with  others  who  are  engaged  in  the  same  pursuits  as  our- 
aelves,  and  stems  of  hnowledffe  are  oommm^alea.  Let  us,  however,  bear  in  mind 
that  our  Association  is  formed  for  the  advancement  of  science,  and  that  we  do  not 
meet  to  hear  of  old  things  ngnin  in  the  old  form ;  our  motto  is  "  progress."  Old 
things  we  do  not  discard,  for  they  may  be  put  before  us  in  new  forms :  but  we  meet 
especially  to  promote  the  adTance"  of  the  boundaries  of  natural  knowledge,  and  we  ask 
our  members  and  others  to  lay  before  us  the  results  of  their  investigations.  And  not 
only  in  the  papers  which  shall  bo  read,  but  also  in  the  elucidation  of  any  difiicidties 
which  authors  may  favour  us  with,  and  in  the  discussions  which  it  is  mv  duty  tp 
Invite  you  to  take  upon  theae  papers,  will  additions  to  ourknowle(k^  oe  made; 
and  many  rertnrlr-  ^\  III.  I  venture  to  think,  be  made  pregnant  with  matter  for 
thoughtfid  meditation  hereafter.  In  all  these  discussions  dilference  of  opinion 
will  doubUesB  arise ;  but  I  am  sure  that  a  spirit  of  friendly  and  mutual  concession 
will  prevail ;  and  that  in  our  search  after  truth  we  shall  gladly  and  readily  attribute 
to  thoae  who  difler  ftom  ua  the  aiaia  pure  motim  which  w«  dam 
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Oh  §ome  Solutlomt  of  the  Problem  of  Tar f tons  of  ApoUon'uis  of  Perga 
means  of  Moilern  Geometrt/,    Bij  Dr.  Bkenneckk,  of  Posen, 
The  auUior  suggested  a  new  solution,  depending  on  a  remarkable  property  of  the 
ceotKB  of  simititiide  of  three  given  eirelet;  e.  9.  •  circle  described  around  an  exter* 

nal  centre  of  limtlitude,  with  a  radius  equal  to  the  geometrical  proportionid  of  its 
potential  distances  from  the  two  circles,  intersects  all  homogeneously  touching  circles 
orthogonally  (around  an  internal  centre  all  heterogeneously  touching  circles).  Such 
a  drde  it  called  a  potential  circle.  To  get  the  two  drcles  which  touch  the  tiuee 

given  circles  simultaneously  intcrnaUy  or  externally,  take  two  external  centres  of 
similitude,  draw  tlto  two  potential  circle:*,  fuul  their  radical  axis,  which  will  contain 
the  centre  of  simiiilude  of  the  two  circles  which  cut  the  three  given  circles  in  the 
same  time  externally  or  internally.  By  combining  the  three  external  centres  of 
similitude,  you  find  three  potential  circles  and  three  radical  axes,  which  all  three 
coinci  Ic,  Having  found  this  straight  line,  which  contains  the  centres,  it  is  easy  to 
find  the  centres  themselves  by  introducing  a  fourth  circle,  the  reilected  mit  rur-imagc 
as  it  were  of  any  of  the  three  given  circles,  by  means  of  the  found  radical  axis»  and 
findin2:  out  the  two  circles  w1mc!\  touch  the  two  symmetrical  circles  and  nnvone  of 
the  three  given  circles.  Dr.  Brennecke  has  treated  the  subject  at  large  m  a  book 
which  has  just  now  been  published  at  Berlin, '  DicBeruhrangsaufgabe  fiir  Kreia  und 
Kugel/  Th.  Chr.  Fr.  Knslia,  1860»8vo,  illustrated  by  eighty*four  diagrams,  in  whtdi 
all  infommtinn  v.  ill  he  found  concerning  the  most  renowned  problem  of  geometry* 
conceming  the  problem  of  tactions  of  three  given  circles  or  four  given  spheres. 

OnaNtm  Gttieral  Mt^for  nkMuMng  Ae  Thtory  if  Omic  SeeHmu, 
By  the  Rey«  Jamss  Booth,  ZrX.il.,  F,IL8, 

On  tkt  Relations  between  JTt/jycrcojiic  Sections  atid  ElU^Uic  ItUtgralt* 

 By  the  Rev.  James  Booth,  LLJh^  F.P,S, 

In  this  communication  the  author  extended  the  analogies  that  the  Continental  and 
English  geometers  had  established  between  elliptic  integrals  of  the  third  order  under 

the  circular  form,  and  the  arcs  of  spherical  conic  sections,  to  the  correspnuflin':;  rela- 
tions between  elliptic  integrals  of  the  third  order  and  logarithmic  form  to  the  arcs  of 
currea  descrilwd  in  the  enrfaee  of  a  paraboloid. 

On  Curvet  tif  the  Fourth  Order  having  Thru  JiouhU  Points, 

By  A.  Cayley,  F.R  S. 
The  paper  is  a  short  notice  only  of  researches  which  the  author  is  engaged  in 
iirith  reference  to  curves  of  the  fourth  order  having  three  double  points.   A  curve 
of  the  kind  in  question  is  derived  from  a  conic  by  the  well-known  transformation  of 

F>ubstituting  for  the  original  trilinear  coordinates  their  rcciprocah  :  and  the  spw  ies  of 
the  curve  of  the  fourth  order  depends  on  the  position  of  the  conic  wuii  respect  to  the 
fttn<kimental  triangle.   

On  the  TriteeHon  of  an  Angle,  By  Patrick  Coot. 

On  the  Hoots  of  SuUttitUions.    By  the  He  v.  T.  V.  KjHK.sfAN,  yl./lf.,  F,R.S, 
To  determine  the  number  of  roots  of  a  given  degree,  of  a  substitution  4  made  with 
11  letters,  and  of  the  rth  order.   A  substitution  i  which  has  not  two  circular  factors 
of  the  same  order,  has  no  roots  which  are  not  found  among  the  series 

•  * 

of  Its  powers. 

A  substitution  which  has  two  or  more  circular  factors  of  the  same  order,  will  have 
toots  of  an  order  superior  to  its  own,  and  therefore  not  among  its  power. 
Thus  the  substitution  of  the  3id  order  made  with  9  elements, 

^_  23 1564897 

123456789* 

has  1  square  root  of  the  3rd  order,  9  square  roots  of  the  Ctli  order,  9  fourth  rnots 
of  ^thc  Gth  order,  18  cubic  roo^  of  the  9tU  order,  and  18  sixth  roots  of  the  Qih 
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ord  r.   ThrRc  rr  ots  can  be  eDumented  bf  ft  ttiiiple  gencnl  method  for  I  of  tiny 

order,  tuade  vvilh  n  letters. 
The  fundamental  theorem  ia  the  following 

If  n= Aa-|-B&+Ce+  ,  the  number  of  different  gronpaof  the  order  K,  which 

ie  the  least  common  multiple  of  AHC  .  . .    of  the  form 

where  ^  has  a  circular  factors  of  the  order  A,  6  of  the  order  B,  ficc.Js  (irasl .  2 . 3  . . . 

ITU 

Rk  A*  B*  C* . . «« irftwe .  . . ' 

Ric  bdng  the  number  of  mlegcrs,  unity  included,  which  are  less  thao  K  aud  prime 
to  it. 

Thepwtitioa  »es9aB3.SsiA« 

gnmpe*  leff",   ,  (G) 

of  the  third  order,  which  is  that  of  $  and  of  ^. 

The  partition 

iis9s6.1+3. 1-iAa+Bfr 

groupe,   (H) 

of  the  6th  order.   Everj^  group  (H)  containa  a  group  (G)«  namely, 

and  (f)  of  the  6tli  order  is  tlic  square  root  o(  <f}^  of  thr*  3rd  order,  und  the  fcnitth  root 
of  ^'  of  the  3rd  order.  Al;iu  of  the  6th  order  is  the  square  root  of  aud  the 
fourth  root  of  <^*. 

The  number  of  groups  (II)  bcini;  nine  times  that  of  the  group  (G),  the  group  ^00* 
will  be  comprised  ia  nine  ditferent  grtmps  (H)  ;  that  i:^,  $  has  nine  square  roots  of 
the  6th  order,  and  niuc  fourth  roots  o(  the  ^amc  order. 

The  partition 

na^asg.lssAa 
=8.7.5.4,3,2 

Kg  9 

groups,  lyjr^-  .  .   ••••U) 

of  the  9th  order.   This  comprises  the  group  (G), 

where  ^  has  the  cube  roots  ^  ^'     of  the  9th  order,  and  the  aixth  roots 

of  the  lame  order.  There  are  eii  times  as  many  groups  (J)  as  groups  (G),  Therefore 

160" 

will  be  found  in  six  groups  (J)»  and  either  Borff^  has  18  cube  roots,  and  18  sixth 

roots  all  of  the  9th  order. 

In  the  same  manner  it  is  easily  proved  that  the  substitution  of  the  2nd  order(n=:8), 

^_3412T856 

12345678* 

which  has  four  circular  factors  of  the  2nd  order,  has  twelve  square  roots  all  of  the 
4th  order,   'lliesc  form  with  unity  and  ^  the  two  groups  following, 

1234567^  12345678 

34127856  34127856 

58763314  23418667 

76581432  41236785 

234167S5  78 56 1 234 

41238567  5678ail2 

87653143  85674123 

65874321  67852341 
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which  i\rc  of  the  form  (IV.)  discovered  by  Mr.  Cayley  (Phil.  M«g.  t^.  viii.  I9S9, 
p.  34),  who  there  first  enumerated  the  form  -  rf  jTrnnps  of  eipht. 
Two  such  groups  can  be  compieicd  wiiii  utiiiy,  auu  uoy  one  of  the 

?  ^=7.6.5.3.2 

•ntotitntiow  of  the  form  9, 
II  is  euy  to  form  groups  of  Mr.  Cayley's  form  (IL) ;  §• 

1234  5678 
34127856 
23416785 
41238567 
56781234 
78563412 
67852341 
85674128 

which  is  oDt  of  the  grovped  group§  whost  geneiil  theory  I  have  handled  in  a  aemoir 
whidi  will  shortly  see  the  li^t.  ,  

Oh  a  new  Proof  of  Pascal's  Theorem.    By  the  Rev.  T.  Rennison,  M./L 

On  S^fSUMM  Indeterminate  Linear  Tlquations. 
By  H.  J.  Stbphsk  Smith,  JICu1.»  Fellow  t^BaiUol  CaUtge^  Oxford, 
The  object  of  this  communication  was  to  point  out  the  connexion  which  exists 
between  particular  solutions  of  indetertniuate  linear  equations^  and  their  most  gene- 
ral solution.  The  principle  upon  which  this  coooexion  depends  nay  be  eiplaiiMd  in 
a  very  particular  case.  Let  the  syten  of  iodetennioate  eqoatjons  reduce  itself  to  the 
single  equation 

Af+By-f Cr=0,    (1) 

in  which  we  may  suppose  A,  fi,  C  to  have  no  common  divisor ;  let  aiso  a,  b,  c  and 
a',  h\  c'  be  two  different  solutions  of  that  equation  in  integral  numbers ;  then,  if  tht 
tkne  niMiAcrs 

he'-b'e,  cd-ac',  ab'^a'b   (2) 

admit  of  no  common  divisor,  the  complete  aolotion  of  the  indeterminate  equation  ia 
contained  in  the  formulae 

........  x-at+a'uA 

f=Al+5'«.l    (3) 

*  =c/  +  c'«, ) 

in  which  t  and  u  arc  absolutely  indeterminate  integral  numbers;  but  if  th<*  condi- 
tioD  (2)  be  not  satisfied,  the  iormuls  (3)  will  not  represent  ali,  but  only  some  of  the 
solutions  of  the  equation  (1).  If,  therefore,  by  any  method>  as  for  example  ^t  of 
Euler,  we  have  armed  at  fimnute  of  the  type  of  the  formnke  (3).  which  demonstra- 
bly contain  the  complete  solution  of  the  indeterminate  equation,  we  may  be  certain 
tliat  the  three  numbers  analogous  to  the  numbers  (2}  admit  of  no  common  divisor. 
Thus,  by  applying  EuleKe  nurthod  of  solotilon,  whteh  Is  explained  In  most  books  of 
algebra,  to  the  indeterminate  equation  Ax-f  By+Cs^O,  we  obtain  the  solution  of  a 
celebrated  problem,  first  considered  by  Gauss  in  the  ' Disqoisitiones  iirithmeticie/ 
of  which  the  following  is  the  enunciation. 
"  Given  S  numbers  A,  B,  C,  to  find  nx  others, 

•i  i» 

such  that  o',  5',  c', 

A»*c'-5'c,  B  =  ca'-ac',  C=a6  -o'6." 
Other  methods  more  symmetrical,  and  [)erhaps  not  more  tedious  than  that  of  Euler, 
were  also  suggested  in  this  paper  for  the  treatment  of  indeterminate  equations,  and 
for  the  resohitiim  of  an  important  dass  of  arithmetical  problema  wldch  depend  <m 
thooe  equatimia  in  the  manner  juat  explained. 
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Oil  a  Generalization  of  Poncelot's  Theorems  for  the  Linear  RepresentatUm 

of  Quadratic  Radicals.    By  Professor  Sylvester,  M.A.,  F.R.S. 
'I'he  anthor  explained  the  appliration  of  Poncelct's  theorems,  to  practical  qucs- 
ttuiH  oi  mechanics  in  the  case  ui  iurcea  acting  in  a  single  plane  as  in  the  theory  of 
bridges. 

lie  next  referred  to  the  rawle  of  extension  of  this  theorem,  suggestoJ  by  Poncclct, 
appHcable  to  the  caae  of  forces  in  apace,  and  pointed  out  ita  insafficiency«  and,  in  a 
certain  sense,  its  incorrectneaa. 

The  easential  prertmiiMury  question  to  be  resolved  in  the  first  instance  (after  which 
the  matter  became  one  of  easy  calculation),  was  shown  to  be  that  of  cutting  oflf  by 
a  plane  the  smallest  possible  segment  of  a  sphere  tliat  should  contain  the  whole  of  a 
given  set  of  points  lying  on  the  sphere's  surface.  Some  years  ago  Prof.  Sylvester 
bad  proposed  in  Uie  '  Quarterly  Mathematical  Journal/  without  any  tnapicion  of 
its  havin  ":  any  practical  apjilications,  the  following  question  : — *'  Given  a  set  of  points 
in  a  plane  to  draw  the  smallest  possible  circle  that  should  contain  them  all."  By  a 
singular  coincidence.  Professor  Pierce,  of  Cambridge  University,  U.S.,  had  studied 
this  question  and  obtaiiiMt  a  eomplete  ioliition  of  it,  which  he  bad  communicated  to 
the  author  during  the  present  meeting  of  the  British  Association.  A  slight  con- 
sideration served  to  show  that  precisely  the  same  solution  as  Professor  Pierce  bad 
found  for  the  problem  of  points  in  a  plane  was  applicable  wttb  a  mcfely  oorainal 
cbange  to  theapbere  also;  and  thus  the  solution  of  a  question  ««t  almott  in  sport 
was  found  to  supply  an  essential  link  for  the  complete  development  of  a  method  of 
considerable  importance  in  practical  mechanics.  The  author  stated  that  it  would 
be  easy  to  draw  up  tables  of  the  valaes  of  die  canetantB  appearing  in  the  Haeer 
faoction,  representing  the  resultant  of  three  finoee  st  right  angles  to  one  another, 
for  the  principal  cases  likely  to  occur  in  practice,  the  valiio'^  of  thc«c  constants 
depending  solely  upon  tbe  oooditioo  of  relative  magnitude  to  which  the  compooeab 
Ibroet  are  eoppoeed  to  be  rabjeeted. 


Light,  Heat. 

On  lAe  Ii^liiune9  of  very  maU  apertures  on  Telescopic  VUUm, 
By  Sir  David  Brewstwi,  K,H^  F,R,S, 
[The  maBQeeript  of  this  paper  hae  been  loet] 


On  some  Optical  Illusions  connecfed  with  the  Inverfdon  of  Perspective, 
By  Sir  David  ISkevvs ter,  K,H.f  FM^if. 

Tiie  term  "Inversion  of  Perspective"  has  been  applied  to  a  class  of  opticnl 
Oluflioney  well  known  and  easily  explained,  in  which  aepraedone  are  tumea  into 
cl''VAliom,  and  t-h-vations  into  (.U-piv.^sions.  One  nf  t)ie  mo^t  remarkable  cases  of 
thhi  kind,  which  has  not  yet  been  explaiaed^  presented  itself  to  the  late  Lady 
Georgiana  Wolf,  and  has  been  recorded  ny  her  husbandBr.  Wolt  When  she  waa 
riding  on  a  sand-beach  in  Egypt,  all  the  footprints  of  horaeai^peazed  as  eleTatumay 
in  place  of  depressions,  in  the  sand.  No  p'trtiriilars  are  mentioned,  in  reference  to 
the  plac»  of  the  sun,  or  the  nature  of  the  soirounding  objects,  to  enable  us  to  form 
an^  conjecture  respecting  the  cause  of  this  phenomenon.  Having  often  tned  to  see 
this  illusion,  I  was  some  time  ago  so  fortunate  as  not  only  to  obeenre  it  myself,  but 
to  show  it  to  others.  In  walking  along  the  west  sands  of  St  Andrews,  the  foot- 
priuls,  both  of  noien  and  of  horses^  appeared  as  eleTations.  In  a  short  time  thej 
aaok  into  depteaeiona»  and  aubaequenUy  roae  into  deTati<»iB.  The  avn  waa  at  tJua 
time  not  very  far  from  the  horizon,  on  the  right  hand ;  and  on  the  left  there  were 
large  waves  of  tlie  sea  broakinj?  into  verv  hnV'nt  foam.  The  only  explanation  which 
occurred  tu  me  was^  that  the  illusion  upueared  when  the  observer  supposed  that 
the  footprinta  were  illuminated  with  the  liffht  of  the  breakeiv,  and  not  oy  ^  sun* 
Ha\  in^',  howi  VI  r.  more  rt'Cfiitlv  ohstirved  the  phenomenon,  whon  the  stiti  wa^i  very 
high  on  the  rights  and  the  breakers  ou  the  left  Texy  disUuity  and  cousec^ueutiy  veiy 
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faint,  I  could  not  consider  the  preceding'  explanation  as  well-foundt  d.  I'lH'n 
attt'udiug  to  tiio  circumstances  uiiaer  whicu  they  wore  now  s>een,  1  obser\  cd  tiiat 
the  human  footprints  were  all  covered  with  drj  eaud  that  had  been  blown  into  them, 
so  that  thr  V  were  much  brighter  tlinn  the  suiTmmdinjj  .sjind,  nnd  than  the  dark  side 
of  the  impression  next  the  sun ;  and  henco  it  is  probable  that  thej  appeared  to  be 
nearer  the  eye  than  the  dark  simdin  which  they  weie  fonned,  and  coiiec»quenUTeleTap 
tions.  After  repeated  ezuninatioiifl  of  them,  I  found  the  footprints  appi^ared  at 
elevations  as  far  as  the  eye  could  ?re  them  :  nnd  thry  were  equally  vi*'iblo  with  one 
or  both  eyee.  But  whenever  the  eve  rested  for  a  little  while  ou  the  neareet  foot- 
print, it  resumed  Ha  Datural  ooncavity.  ' 

I  have  observed  other  ilhHions  of  this  kind,  which  are  more  ea«il^'  explained 
thorgh  they  differ  from  nny  hitherto  described.  In  the  Church  of  Saint  ATusttno 
In  Rome,  there  is  above  each  arch  a  painted  festoon  suspended  on  two  short  pil- 
lars; but  instead  of  appearing  in  relief  as  the  {minter  intended,  shadin)^  the  one 
side  of  them,  thev  appeared  concave,  like  an  intaglio.  In  other  positions  in  the 
church  they  ro>c  into  ndicf.  Upon  a  subsequent  vi^jit  to  the  ehiireh.  I  foxind  that 
the  festoon,  or  suspended  wreath,  was  concave  when  it  wo^j  illnmiualvd,  or  rather 
when  the  obeerver  saw  that  it  wsa  illnminated,  br  a  window  beneath  it,  md  in  r^ 
lief  when  the  r  ye  saw  that  it  wn-<  illunnnal'  d  by  a  window  nbovi-  it,  the  object 
being  similarly  ilhiniinati  tl  in  hdlli  eases.  In  the  common  cfise»  of  invert<jd  per- 
spective, the  eye  is  dtceived  by  lookin>:  at  the  inversion  of  the  shadow  in  the 
cameo  or  intaglio  itself;  hut  in  the  present  case  the  eye  is  deceived  by  perceiving 
t  li  a  t  t  )i e  body  painted^  supposed  to  be  in  relief,  is  illuminated  by  a  light  either  abowv 
or  lielow  it. 

An  optical  Ulnsion  of  a  different  kind  presented  itself  to  me  in  the  Churdi  of 
Santa  Qinstina  at  Padua,  rnoti  entering  the  church  wc  sec  three  enpolaai  The 
one  beneath  which  we  stood  appcnrrd  very  shallow;  the  ?i*'xt  uppenrcd  much 
deeper,  and  the  third  deeper  attlL  They  were  all,  however,  ui  tiie  »ame  depth,  as 
we  ascertained  br  placing  ourselTve  under  each  in  sueeeMum,  and  obaermg  that  il 
was  alwaja  iho  sniulowcet. 

On  Microscopic  J'islon,  and  a  New  Form  of  Microtcope* 
Ihj  Sir  1)avii>^  BiiEwsTEn,  /T./A,  F,R,S, 

Iq  studying  the  inllueuco  of  aperture  ou  the  images  of  bodies  m  forme<l  iu  the 
eamern,  by  lenses  or  mirrors,  it  occurred  to  me  that  m  microscopic  vision  it  might 
exercise  a  still  more  injurious  influence.    Opticians  have  noratly  exerted  their 
pkill  in  producing  achromatic  ohjcct-<rhi-<.^es  for  the  microscope  with  larf^e  nu  des 
of  aperture.    Iu  184^  the  late  distinguished  optician,  Mr.  Andrew  lioes,  &^Tled 
'*  that  186^  was  the  largest  an^^ular  pencil  that  could  be  passed  through  a  micro- 
scopic object-glass,"  and  yet  in  18o5  he  had  incieased  it  to  170^ !  while  some 
obser^'ers  spenk  of  angular  opertures  of  17o^    In  considering  the  influence  of  aper- 
ture, wc  shall  tfnnpose  that  an  achronintic  object-gloss  with  an  angle  of  aperture 
of  170^  is  optically  perfect,  representing  ever}'  object  without  colour  and  without 
spherical  alx'rnition.    Wh.  n  the  microscopic  object  is  a  cube,  we  shall  see  five  of 
its  faces ;  and  when  it  \^  a  sphere  or  a  cylinder,  we  shall  see  nine-tenths  or  more  of  its 
circumference.    How  then  does  it  happen  thot  large  aperture**  exhibit  objects  which 
arc  not  seen  when  small  apt  rtures  with  the  same  focal  length  are  employed  P 
This  superiority  is  partii  uLirly  show Ji  with  1.  st-oVjcct'*  marked  with  gn>oves  or 
ridges,  and  obliquely  illuminated.    The  inargiinil  piurt  of  tiie  lens  will  enlai^  the 
grooves  and  ridge.n,  and  they  will  thus  be  rendered  visible,  not  because  thep*  are 
seen  more  distinctly,  but  because  th^  are  expanded  by  the  combination  of  their  in- 
coincident  images.    Ilence  we  have  nn  f^xplanntion  of  tho  fart — well  kno'w^l  to  all 
who  use  the  microscope, — that  objects  are  seen  more  distinctlv  with  object-glasses 
of  small  angular  aperture.   In  the  one  case  we  hare,  with  the  same  magnifnng 
power,  not  onlvan  enlnrired  and  indistinct  image  of  ob)eet.'>,  bat  a  false  representa- 
tion of  them,  from  which  their  tnie  stmetiire  rnnnnt  be  discovered;  whAe  in  the 
other  w(>  have  a  smaller  and  distinct  image,  and  a  more  correct  representation  of 

tiie  (ibjcct. 

But  these  are  not  the  only  objections  to  large  snjrular  apertures  and  short  focal 
lengths.  I.  In  the  fint  place,  it  is  extremely  difficult  to  illuminate  olgeota  when 
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so  cloao  to  the  object-;.'la>-'.  2.  There  ia  a  great  los^s  of  liphi,  from  iU  ohliqtio  in- 
cidence on  the  Burtace  of  the  tirst  lens.  3.  The  surface  of  glaaS| — with  the  most 
perfeet  polish, — miut  lie  wvend  with  mumte  pores,  produMd  by  the  attritioii  of 
the  polisliinjr  j)owder ;  and  light,  falling  upon  the  pidea  of  these  porea  with  extreme 
obliauity,  mn-^t  not  only  siiflt  r  diflrnction,  nnt  1j«  refracted  lessperfwtly  than  when 
inciaent  >ii  it  lu^  uugle.  4.  Wheu  the  object  is  almoat  in  contact  with  the  anterior 
lens,  the  microscope  ia  wholly  nnfit  for  reMarches  in  which  mechfloicftl  or  che- 
mirixl  operations  nro  required,  and  also  for  tli<'  evaniination  of  objects  enclost'd  in 
minemls  or  other  trauspart-nt  bodies.  5.  In  obicct-rrln-^.-^'s  now  in  use,  the  rays 
of  light  must  pass  through  a  gixut  thiekneas  of  gni^  of  doubtful  homogeneity.  It 
is  a  qtteation  yet  to.be  aolved  whether  or  not  a  substance  caa  be  truly  trangparent* 
—in  whirh  the  rb«ments  nre  not  united  in  ddinite  proportion, — in  which  the  sub- 
staaces  combineti  have  very  ditlerent  refractive  and  dispersive  powers ;  and  in 
which  the  particles  are  ao  looaely  united  that  they  separate  from  one  anotheri  as  in 
tlie  various  kinda  of  decompoattion  to  which  glass  is  liaMe. 

if  the  best  micro.'s^-o|^>»'s  are  nffceted  hy  th"s>^  sotirces  of  error,  every  exertion 
should  be  made  to  diuuuu»h  or  remove  them.  1.  The  tirst  step,  we  conceive^  is 
to  abaadon  large  angular  aperturea,  and  to  use  object-glasses  of  moderate  focal 
lei^th,  effecting  at  the  eve-^lass  any  additional  magnifying  pow^or  that  may  be  re« 
quire<l.  'J  In  order  to  olitain  n  better  illtimination,  either  by  H«rht  incid'  nt  verti- 
cally or  ubiiquel^i  a  new  form  of  the  microscope  wouldbo  advautageous.  in  place  of 
directing  the  microaoope  to  the  object  itself,  placed  as  it  now  is  almost  touching 
the  object-glass,  let  it  oe  directed  to  an  image  of  the  object,  formed  by  tlie  thinnest 
acliromatic  leuH,  of  such  a  focal  len«rth  that  the  object  may  ])e  an  inch  or  nmre 
from  the  lens,  and  its  image  equal  to,  or  greater,  or  less  than  the  object,  in  tins 
way  the  observ  er  will  be  able  to  iUumiliate  the  object,  whether  opake  or  trans- 
parent, and  may  subject  it  to  any  experiments  ho  may  desire  to  make  upon  it.  It 
may  thus  be  studied  without  a  covering  of  glass,  aud  when  its  parts  are  developed 
by  immersion  in  a  lluid.  3.  The  sources  of  error  arising  from  the  want  of  perfect 
polish  and  perfect  homogeneity  of  the  glass  of  which  tlie  lenses  are  composed,  are, 
to  some  extent,  hypothetit  :tl  :  luit  iIh  re  nre  ren.«ons  for  believinpr, — nnd  these 
reasons  corroborated  bv  fact^, — that  a  body  whose  ingredients  me  united  by  fusion^ 
and  kept  in  a  state  of  constraint  from  whidi  tiiey  are  striving  to  get  frecj  cannot 
possess  that  homogeneitv  of  structure,  or  that  perfection  of  polnhy  wnich  will  allow 
the  rays  of  light  to  be  rehiieted  and  transniittea  x^•it!lont  injurious  modilication.H.  If 
glass  is  to  be  used  for  the  leu^ed  of  microscopes,  long  aud  careful  onnealing  should 
be  adopted,  and  the  polishin;^  process  should  be  continned  long  after  it  appears 
perfect  to  the  optician.  We  believe,  however,  that  the  time  is  not  distant  w^hen  trans* 
parent  minerals,  in  which  their  eleojents  are  Tmite<l  in  definite  proportions,  will  bo 
substituted  for  glass.  Diamond,  tupuz,  aud  rock-crystal  are  those  which  appear 
best  suited  for  lenaea.  The  white  topes  of  New  Holland  is  piurticularly  fitted  for 
optical  jniniows,  as  its  double  refmetion  may  be  removed  by  l  utting  it  in  plates 
perpeuuicular  to  one  of  its  optical  axes.  In  roclv-cryMtal  the  Htructure  is,  jjenerally 
speaking,  less  perfect  along  the  axis  of  double  reiVactiun  than  iu  any  other  diiec-« 
tuNi,  but  this  imperfection  does  not  exist  in  topas. 


On  t/ic  decomposed  Glass  found  at  Nineveh  and  other  places. 
By  Sir  David  BftKW8T£R>  KJi»t  F*R>S* 

The  diflfermt  kinds  of  glass  which  are  in  common  use,  consist  of  sand  or  rilez 

combined  by  fut^ion  with  earth.s  or  alkalies,  or  metals  which  either  act  aa  fluxes,  or 
communicate  different  colours  or  diiierent  degrees  of  lustie  or  re^nctivo  power  to 
the  combination. 

In  quartz  or  rock-crj'stal,  which  is  pure  silex,  and  in  other  regularly  crystalliced 

li'"He.<,  the  molernh  s  or  atoms  unite  in  virtue  of  rcfrular  law.-j,  the  pole  of  one  atom 
nnitin;/  witli  the  pole  of  another.  Such  substanres,  therefore,  do  not  decompose 
under  the  ortlinary  action  of  the  elements.  The  lens  of  i2oc^- 6Vy5to/,  for  example, 
found  by  Mr.  Layard  at  Nbieveh,  is  as  sound  as  it  was  nttny  tiiousaad  years  ago 
when  in  the  form  of  a  crj-stal. 

-  In  the  case  of  glassi  howcTeri  the  silcx  has  been  melted  and  forced  into  union 
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with  other  bodies  to  which  it  has  no  naluial  affinity ;  and  therefore  its  atonu, 
which  hare  their  similar  poles  Iving  in  every  possible  diieolion,  have  a  cmistant 
tendency  to  recover  their  crvatalline  ]Misi*i')n  as  when  in  a  state  of  silex.  For  the 
same  reawn,  the  earths,  allodies  and  mctah),  with  which  the  atoms  of  silex  have 
been  constrained  by  fusion  to  enter  into  union,  all  tend  to  resume  their  crystaUiM 
position  and  sopanifes  tb<>nisel\  es  from  the  silex. 

^>^^'in<r  to  the  manner  in  which  melted  f^lass  is  mnl  Hl  and  anneahni,  whether  it 
is  made  by  flashing  or  blowing,  or  moulding,  the  cohesion  of  its  parts  is  not  tho 
aims  throv^oat  the  nuiss ;  and  oonaequeotty  its  particles  are  held  together  ynA 
diflEnent  degrees  of  force,  varying  in  rsUitifm  to  points,  lines,  and  surfaces.  An 
atom  of  the  Hnx,  or  other  ingredient^  may  be  less  nmily  united  to  an  atom  of  silex 
ifl  one  pla<-e  than  in  another,  depending  on  the  degree  of  heat  by  which  they  were 
0omfajned,  or  u  pon  the  xelative  positions  of  the  polss  of  the  atoms  themselyes  when 
combined.  There  are  some  remarlcable  cases  whme  flint-glass  without  any  rude 
exposure  to  th(>  pigment'?  hfis  beeomo  opake,  and  I  have  seen  specimens  in  wliich 
the  disintegration  had  coiniueuctid  a  few  years  after  it  w^as  made.  In  ^neral,  how- 
erer^  the  process  is  ▼ery  slow,  excepting  in  stables,  where  the jpTeralenoe  of  am- 
monia hastens  the  decomposition  and  produces  all  the  beautinil  cdours  of  the 
soap-bubble.  It  is,  however,  from  among  tho  ruins  of  anri^^nt  huildings  that  glass 
is  found  in  all  the  stages  of  decomposition ;  and  there  i»  perliup.^  uo  matt^rial  body 
that  ceases  to  exist  ^th  sueh  grace  sad  lieaaty,  when  it  snrrsnders  itself  to  tine 
and  not  to  di8ea"«'. 

In  damp  localities,  where  arids  and  alkalioe  prevail  in  the  foil,  the  glass  rots  as 
it  were  by  a  process  which,  owing  to  the  opacity  of  the  rotten  part,  it  is  difficult  tO 
stud  V.  1 1  may  be  brolcen  between  the  fingers  of  an  infant ;  and  we  alien  6nd  in  the 
mi (i  llc  of  the  fragment  a  plate  of  the  original  giass  which  has  not  yielded  to  the 

process  of  decay. 

In  dry  localities,  where  Roman,  Greek,  and  Assyrian  glass  has  been  found,  the 
process  of  decomposition  is  exceedingly  interesting,' and  its  residts  nn^arlv  bcan^ 
tiful.    At  nrtf»  or  more  point^i  in  the  surface  of  the  glass  the  decomposition  begins. 

It  extends  round  that  point  in  spherical  surfaces  so  that  the  first nlm  il  a  minute 
henispheTical  cap  of  exceeding  thinness.  Film  aftsr  flfan  is  fimned  In  a  similsr 
manner,  till  perhaps  twenty  or  thirty  are  crowded  into  the  50th  of  sn  indi.  They 
now  resemble  the  seetion  of  a  pearl  or  of  an  onion,  ami  as  tho  fi!ms  are  still  glas*, 
the  colours  of  thin  nlates  are  seen  when  we  iot)k  down  through  their  edges  which 
form  tiie  snrfiice  or  the  {^lass.  These  thin  edges,  however,  being  exposed  to  the 
elements,  suffer  d^omposition.  The  particles  of  silex  and  the  other  ingredients 
now  readilv  separate,  and  the  decomposition  goes  on  downwards  in  films  parallel 
to  the  surface  of  the  glass,  the  crystals  of  silex  in  one  specimen  forming  a  white 
Hng,  and  the  other  ingredients  rings  of  a  different  colour.   (See  tiie  Figure.) 

Such  U  the  process  round  one  point,  hut  the  dernnipoFi'ti  ii  roinnienccs  at  many 
points,  nnd  generally  thesie  point"?  He  in  lines,  so  that  the  circle?  of  d«'C(impo»ition 
meet  one  another  and  form  sinuous  lines.  When  there  are  onl^  two  points,  these 
efades,  when  they  meet,  sunronnd  the  two  points  of  decomposition  like  the  rings 
round  two  knots  of  wood  :  nnd  in  liJc^  manner,  when  there  an.*  mnnv  point-o,  and 
these  points  near  each  other,  the  cui  vos  of  docomposition  unite  a«  alreatly  mentioned, 
and  form  sinuous  lines.  When  the  decomposition  is  uniform  and  the  little  hemi- 
ftplieres  have  neailj  the^me  depth,  we  can  separate  tiie  upper  tilni  from  the  one 
below  it,  thf  ronyexities  of  the  one  falling  into  the  ooncayitie^  of  the  other. 

This  general  description  was  illustrated  by  drawings  on  the  table,  all  of  which 
were  executed  by  Miss  Mary  King,  of  Ballylin,  now  the  Hon.  Mrs.  Ward.^ 

But  beautiful  and  correct  as  these  drawings  are,  they  convry  a  very  imp^eet 
idea  of  tlie  brilUnnt  roltmrs  and  sin^rular  form.-*  wliieli  eharaeleri/e  glass  in  a  parti- 
cular Stage  oi  lis  decouiDosition,  and  of  the  optical  phenomena  which  it  exhibits  in 
common  and  polarised  u^hi 

When  the  oeoomposition  has  gone  regularly  on  sound  a  single  point,  and  theie 
is  no  othor  ehango,  a  division  of  the  glass  into  a  nnnibcr  of  hemispherical  films 
within  one  another  takes  place,  the  group  of  films  exhibiting  in  the  microscope  cir- 
cular eavitiesy  which  nnd^  diflerent  circumstances  beotmie  elliptical  and  polygoosL 

In  saltwater  tho  daoompositum  of  s^bss  goes  onmoie  xapid^,  as  I  have  mniid  in 
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exnminino;  ono  of  the  Imttlfa  brought  up  in  the  wreck  of  the  '  Royftl  Ctoorg-c ;'  and  the 
same  etiect  maT  be  produced  by  a  quicker  process.  M.  Brame*,  of  Paris,  having 
seen  a  nolioe  or  the  deeomiMsed  gtasB  from  NiooTeli  wlucb  I  fead  at  tiie  Aasoeiadoii 
•ome  years  ago,  succeeded  in  producing,  in  a  very  short  time,  regular  and  irregular 
circles  of  decomposition,  in  the  centre  of  which  there  was  always  a  small  cavity  or 
nucleus.  This  effect  was  obtained  by  immeraing  fragments  of  thick  glass  m  a 
nlxtura  of  flttoiide  of  oalciiiiit  and  ooneentmted  sulDhurie  acld»  or  by  exposing 
them  to  the  action  of  the  vapour  of  fluorhydrique  acia. 

Such  are  somo  of  the  general  phenorriMnn  of  aecomposod  jrlrt-^s  wb^n  ooon  by  lifjbt 
reflected  from  its  exposed  surfaces  ;  but  when  we  aepiirate  the  lilnus  and  cxammo 
^em  in  the  miorowMme,  either  b^'  common  or  pdaiized  light,  a  series  of  phenomena 
an  ■ '  r«u  of  the  most  mmutiful  kmd, — so  various  and  .>*o  piiij^'iilnr  that  it  would  bo  a 
vain  attempt  to  describe  them.  A  general  idea  of  them,  however,  mav  be  obtained 
from  the  drawings,  axid  from  a  description  of  three  varieties  of  these  films. 

L  The  first  or  tiiese  varieties  has  rough  surfaces,— the  roughness  arising  from 
an  almost  infinite  number  of  hi  niT=jpbenciil  rarifies  on  one  side  of  the  film,  and 
hemispherical  conpexitiea  on  the  other  side.  When  these  cavities  are  separated  by 
flat  portions  of  the  film,  they  are  perfectly  circular 'y  Irut  when  they  are  CfDwded 
together,  they  are  irregolafly  potygonaly  the  sides  of  the  polygons  forming  a  aort  of 
network,  the  cavities  or  convexities  forminf?  the  meshes  of  the  net. 

The  convex  and  concave  surfaces  are  not  rough  but  specular,  and  reflect  and 
transmit  white  light,  exhibiting  none  of  the  oolonie  of  thin  platee. 

In  polariaed  l^t,  each  of  the  cavities,  whether  dfculur  or  polyijronal,  act  ae 
negative  uniaxal  cri'-»tal!4,  exhibitin'r  by  the  intt  rffrence  of  the  retracted  and  trans- 
mitted pencils  the  black  cross,  and  the  w}Ute  of  the  first  order  in  Newton's  scale, 
linng  ■umetimee  to  mOmp  orihUingto  ihBpaiMttmef  or  disapp*  arin<^r  alto^^ethur, 
according  to  the  nunaber  or  ciurvatiu-e  of  the  films  which  compo.se  it. 

n.  Tht>  eccond  variety  of  these  films  has  perA'etly  specular  purfaees,  in  conso- 
auenoe  oi  iiuving  almost  no  cavities.  They  exhibit  m  common  Ii|^ht,  and  iu  every 
Semtifiil  manner,  the  colours  of  thin  plates,  the  imiiiiiiiffsrf  being  complementaiy  to 
the  ref  ected  Thi.s  variety  i.^  exceetlingly  rare.    In  a  specimen  on  the  table 

the  reflected  i**  blue  and  the  transmitted  yellow.  In  some  of  the  frafrnv  iit^  r\ 
few  insulated  circular  cavities  with  the  block  cross  occur,  the  tints  which  suiTuuiid 
it  being  modified  by  the  irenerel  tint  of  the  film. 

in.  The  third  variety  of  d'  ^nniposed  pla.'^s  conjdsts  of  films  containing  cavities  of 
all  sizes  and  forms,  from  the  .iOth  of  an  inch  to  such  a  size  that  they  are  hardly 
visible  by  the  microscope,  jj^iving-to  the  film  which  they  compose  a  sort  of  stippled 
appearance,  or  an  imperfectly  specular  surface. 

Th- rnviti  "^  nr  combinations  of  henii^herical  films  are  nrrrdar,  ettipttealj  or 
vrre^uiurly  poit/ifoHoi.  The  colours  which  they  reflect  and  transmitare  compIementarVf 
and  the  tmts  «id  tinge  which  in  polarized  light  sononnd  the  black  ctoesafe  corlonuT 
modified  by  the  general  tint  of  the  fragment,  and  the  currwtiue  of  its  component 
films, — the  black  cross  it*jelf  TarA  infr  it.s  shape  with  the  form  of  th*-  eavitiee.  When 
the  cavities  are  flat,  the  black  cro^  disappears  as  in  thin  slices  ot  umaxal  crystals ; 
bat  tlie  tinta  reappear,  rising  to  higher  omen  by  ineliiung  the  plate. 

The  cavities  are  often  arranged  in  sinuous  curves,  and  encroach  upon  one  another^ 
so  that  the  polari^^M^l  tints  appear  only  at  the  margin  of  the  line  ^ich  they  form. 
They  frequently  run  in  perfectly  straight  lines,  and  when  they  are  very  siiiali  and 
invisible  aa  cavities,  their  margins  form  in  polariaed  light  brilliant  lines,  which  are 
often  grouped  in  band.s  like  thn  stripe's  in  a  ribbon.  Sometimen  they  are  only  a  few 
thousands  of  an  inch  in  diamett-r,  and  might  be  u.=!ed  as  micrometers  in  tht;  micro- 
scope, ever}'  truce  of  the  cavities  which  form  them  having  disappeared.  These  lines 
of  polarized  light  all  disappear  when  they  lie  in  the  plane  of  polariiatioii  ni  iJie 
incident  light,  or  perpendicular  to  that  plane. 

In  some  specimens  a  decomposition  has  taken  place  on  several  points  of  the  con- 
vex or  concave  surfaces  of  the  cavitit^,  so  as  to  fonn  new  cavities ;  and  each  of  these 
minute  canties,  often  ten  or  twelve  in  number,  exhibit  the  black  croaa  with  its  tints, 

but  disfip-'Trinir.  of  cnnr*»\  tlinaf  of  tli»>  rn^  itv  upon  which  they  hav^  enrrfi;udu'd. 

In  the  three  varieties  of  ducompubcd  glass  wliich  I  have  described,  the  lilms  aro 

•  Oomptei  Aandnt,  fto,  Nov.  2^  18a^ 
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puie  gW, — derhrin^  thtUr  colour  from  tlie  individual  films  of  which  they  are  com- 
posed. Tliis  is  oln  iouH  from  llio  fact  of  tliclr  iK-cominp'  <  olfmrlr's-s  hy  n  sufUcient 
inclination  of  the  plates,  aud  ubo  by  the  introduction  ol'  a  drop  of  water  or  alcohol. 
AVhen  the  fluid  haa  evaporated,  the  films  recover  their tuigiiial colour;  sndthoogk 
a  film  of  fluid  has  sepanted  each  of  the  aliiiostinfimtMiliMl  ]«renof  the  glass,  yet 
thi  y  lulhert'  as  firmly  as  ever  nflvr  the  lluid  has  ovapmted.  Tf  an  oil  or  balaiun  is 
iiitroduecdi  itposaes  slowly  and  uneciually  between  tm  lAjer^,  60  that  the  retieftting 
colour  ifl  bounded  by  a  spectrum  of  the  vftrious  tinti  whuh  the  film  corabmes. 

fiut  though  the  films  themselves  are  fflasa,  yet  I  bftye  often  foui i  l  1'  tweea  Aen 
heautifiU  circular  crjatnls  of  si'hx,  wlii(  h  are  fnitlv  seen  in  polarized  light,  and  exhi- 
bit many  of  the  regular  and  irregular  forma  which  I  have  represented  in  a  pAj^r  on 
Cixeular  Crystals  lately  published  in  the  *  TranBactions  of  the  Koval  Society  ofjBdia- 
buigb/  Th<*\  are  sometimes  drfuln'tic,  and  assume,  round  the  black  cross,  foliatt-d 
shapes  like  tlic  leave?  of  plnnl>>j.  At  other  times,  but  very  rnrely,  they  occur  in 
circular  groups, — related  to  a  crj'stai  of  silex  in  their  centre.  One  of  tht^  group* 
la  80  mnarlnble  as  to  merit  particular  notice.  Axound  a  minute  speck  or  ailex 
there  is  formed,  at  a  considerable  distance  from  it,  a  circular  band  of  equally  minute 
crystalline  i'pecli.'*,  and  at  a  ^ater  distance  n  second  circular  band  concentric  with 
the  first,  aud  conaiHting  of  still  smaller  siliceous  pArticlet*,  hardly  visible  in  the  mi- 
croscope.  By  what  atomic  force,  or  by  what  otuer  cauaCy  the  antral  ciystal  has 

E laced  its  attendant  crystals  in  rc^^ular  circli's  nround  it,  remains  to  hi-  ili'^fMncrf'd.  I 
ave  already  described  a  similar  phenomenon,  as  produced  during  thti  formation  of 
circular  crystals  imder  constraint,  and  when  ciystallizing  freely ;  but  I  am  not  Awaie 
that  any  other  i>ersoD  has  either  seen  the  pheDomenon  or  Attempted  to  explain  it 

Thn  iilnis  of  decomposed  ^dass,  m  I  have  long  ago  shown,  absorb  definite  rays  of 
the  spectrum  like  coloured  media.  They  change,  in  the  most  distinct  maauer^  the 
ooloaia^^  difihxent  parts  tbe  i^pectrum,  and  mquentily  inaitUte  banda  of  purely 
irbite  ligbt,  in  or  near  its  most  luminoua  division. 

[The  dramng$  referred  to  in  thit  commnnication  teere  laid  he/ore  the  Section,  and 
tfme  of  the  fpecimem  of  dtcompottd  glan  were  exhibited  m  tha  Mmeurn  in  the  oonrst 
qf  the  eveninif.] 

Oh  hi*  own  PereepUon  of  Cohm,  By  J.  H.  Gladstons,  PkJD^  P,RS. 

The  author  described  himself  aa  in  an  intermediate  position  between  those  who 

have  a  normal  visir  n  nf  colours,  aod  those  who  arc  termed  "colour-blind."  These 
latter  are  usually  unacquainted  with  the  scns-atious  of  either  red  or  green,  and  it 
becomes  a  desideratum  to  have  good  obscrvatiuu.s  on  ihube  who  arc  capable  of  acting 
somewhat  as  interpreters  between  them,  and  those  who  perceive  every  colour.  By 
means  of  CbevreuTH  chromatic  circles  and  scales.  Maxwell's  colour-top,  colourrd 
beads,  &c.,  the  author  was  able  to  determine  the  following  points  in  respect  to  iiis 
own  vision.  He  sees  red,  in  all  probability,  like  other  people,  but  it  requires  a  larger 
quantity  of  the  colour  to  give  the  aensatlon  than  is  usually  the  case  i  hence  a  puipls 
appears  to  him  more  blue,  and  an  orange  more  yellow,  than  to  the  generality  of 
observers.  He  is  perfectly  sensible  of  green,  or  lathcr  of  two  distinct  greens,  the 
one  yellowish,  tbe  other  bluish  ;  but  between  them  there  lies  a  particular  shade  of 
green,  to  which  bis  eyes  are  insensible  as  a  colour.  This  modifies  his  peroeptioii  of 
many  preens  that  approximate  to  what  is  to  him  invisible.  'Hie  shade  occurs  in 
nature  on  the  back  of  the  leaf  of  the  varie^ted  holly,  and  it  ma^'  be  produced  in  Max- 
well's top  by  certain  combinations  of  the  coloured  disc ;  the  simplest  being 

94*6  Brunswick  Green  (Blue  Shade) +  ^'5  Ultramarine =94  Black +  6  White. 

He  finds  that  this  shade,  though  invisible  to  him  as  green,  is  yet  capable  of  neu- 
tralizing red  when  viewed  simul'nnrously,  but  it  does  not  neutralize  SO  much  red 
with  him  as  with  observers  ofoiUinary  vision. 

While  able  perfectly  to  distinguisb  between  red  aod  green,  the  contrast  does  not 
readily  catch  his  eye,  especially  at  a  distance ;  in  fact,  he  is  somewhat  short-sighted 
in  rcfpect  to  tlu'>c  ct>I(,nr?.  ITe  lias  rcast-n  to  helicve  that,  in  his  case,  therf  bns 
been  a  graduui  improvement  in  Itia  actual  perception  of  colours,  independently  oilns 
greater  knowledge  of  them,  though  this  is  in  opposition  to  the  general  experience  of 
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those  whose  vision  h  la  any  way  abnormal,  and  no  other  instance  \va^  known  to  the 
late  Prof.  George  Wllsoo,  whose  buolc  the  standard  one  ou  the  subject  ofcolour- 
blindofss. 


0»  ike  Chromaiic  Prnprrft'ex  of  the  Electric  Light  of  Mercurg, 
By  3*  H.  Glads  loNE.  PhM,,  F.itS. 

While  examining  the  brilliant  electric  hgiit  produced  in  an  interrupteU  current  of 
mercury  in  the  apparatas  eontnTed  by  Professor  Way,  the  author  ivas  straclc  by  the 

strange  manner  in  which  it  modified  the  apparent  colours  of  sorrounding  objects* 
and  especially  with  the  ghastly  purple  and  green  hues  which  it  imparted  to  tlie  faces 
and  hands  of  the  spectators.  This  led  him  to  an  investigation  of  the  subject,  and  a 
prismatic  analysis  of  the  light  itself.  Chevreurs  "cercies  chromattqiies"  diowed 
yellow,  green,  and  blue  distinctly,  but  very  little  red,  while  the  violet  became  remark* 
ably  luminnn*^.  The  modifications  of  colour  in  nmny  )>'Hlies  of  known  composition 
were  then  related,  as  for  instance  the  green  sulphate  ot  iron  which  appeared  colour- 
less, and  the  scarlet  iodide  of  mercury  which  assamed  a  brownish  metallic  appear* 
ance.  Substance3  capable  of  fluorescing  exhibited  that  phenomenon  with  remark- 
able beauty.  On  analysing  tln<5  light  by  means  of  a  rofractivp  goniometer,  the  author 
found  it  to  consist  of  a  great  number  of  separate  rays,  and  not  to  present  in  any 
part  a  eontinuoas  band  of  light.  This  was  exhibited  by  means  of  a  diagram  ia 
coloured  chalks  on  blaclc  i>n[u>r,  by  the  side  of  a  solar  prismatic  sjjectrum.  The 
position  of  the  different  rays  had  been  measured,  aijd  their  rehitive  intensity  deter- 
mined. There  are  red  and  orange  rays,  but  they  are  of  the  most  feeble  intensity; 
some  yellow  rays  of  great  brilliancy ;  two  bright  green  rays ;  one  blue  ray  of  great 
luminosity;  and  a  number  of  violet  ray?.  One  of  these  latter  is  situated  far  beyond 
the  limits  of  the  visible  solar  spectrum,  in  fact  at  about  Becquerei's  line  N,  and  was 
bright  to  the  eye,  although  it  had  passed  through  several  pieces  of  glass — a  medium 
that  doea  not  easily  transmit  the  extra-violet  rays.  Its  colour  appeared  to  differ 
considerably  nrrnrrling  to  its  intensity,  but  might  be  described  grnprnlly  as  a  red- 
violet.  The  prismatic  analysis  explained  fully  the  changes  that  red  substances  un- 
dergo  when  exposed  to  it— ^metimea  to  brown,  and  at  other  times  to  purple,  green, 
or  whatever  otiier  colour  in  addition  to  red  is  princi[)ally  reflected  by  them  :  it  also 
explained  all  the  other  chromatic  phenomena.  Professor  Wheatstonc  in  1835  de- 
scribed the  spectrum  of  the  electric  light  of  mercury  as  containing  seven  definite  rays ; 
and  Angstrom  has  recently  given  a  drawing  of  the  lines  that  coincides  closely  widi 
the  observations  of  the  author  on  the  more  luminous  rays,  and  shows  that  the  Swedish 
physicist  had  not  seen  the  extra  violet  lines.  From  liis  figures  abo  it  appears  thnt 
the  air  is  excluded  from  the  luminous  cune  of  mercurial  vapour  in  Way's  apparatus. 


On  a  New  Imirumpnt  f/r  (Jcfcrmining  the  Plane  of  PofarizoHonm 

Jiy  the  Iu;v'.  I'rofe^jsor  Jkij.k i  T. 

Professor  Jellctt  described  to  the  Section  a  new  analysing  prism,  by  which  the 
plane  of  polarization  of  polarited  light  may  be  determined  with  groat  precision. 
This  instrument  consists  of  a  long  prism  of  calc-spar,  which  is  reduced  to  the  form 
©f  a  right  prism  l)v  crrMuiiug  off  its  lmhIi,  and  sliced  lengthwise  by  a  plane  nearly 
but  not  quite  perpendicular  to  its  princijial  plane.  The  parts  into  which  the  prism 
is  thus  divided  are  joined  in  reversed  positions,  and  a  diaphragm  with  a  drcolar 
opening  is  placed  at  each  end.  The  lig'it  wliich  passes  through  both  diaphragms 
produces  a  circular  licld  divided  liy  a  diamcttal  slif  into  two  parts,  in  which  the 
planes  of  polarization  are  slightly  luclined  to  one  auuther.  li  then  light  which  has 
Seen  previously  plane  polarized  be  transmitted,  it  will  be  extinguished  in  the  two  parts 
of  the  field  of  view  in  positions  which  lie  close  together,  and  the  light  will  become 
uniform  in  a  position  midway  between  these.  This  position  determines  the  plane  in 
which  the  incident  light  was  polarized,  with  a  precision  much  greater  than  has  been 
otherwise  attained.  Professor  Jellett  stated  that  the  different  observations  did  not 
differ  from  one  anotber  by  an  angle  n  rritor  than  a  minute,  and  that  the  instrument 
was  equally  applicable  to  the  cose  ul  itumogeneous  light. 
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Note  on  tJte  Caustics  pi  oiiuced  by  Reflexion. 
By  L.  L.  LiNDXLoF,  Profiuor  ai  HMngfort, 

There  are«  no  doulrt,  few  fantnchet  of  matbematical  phyaici  tbat  Lave  been  more 
oflen  diMllued  thaa  Ae  reilexioD  and  refraction  of  light,  and  the  tlieory  of  these 
phenorT.ena  ha«  consequently  been  gradunlly  reduced  to  the  greatest  sImpJicity.  The 
whole  doctrine  of  catoptrics  and  dioptrics  may  indeed  be  said  to  be  implicitlv  cod- 
lAiaed  in  the  elegant  principle  tueoeutTely  developed  by  Diipin,  Quetele^  ana  Oor- 
gonne,  namely,  tbat  a  aystem  of  my%  tliat  can  be  cut  orthogonally  by  a  |iarticular  nir* 
face,  preserves  this  property  after  any  number  of  rcfttxiuns  and  refraction*.  Never- 
theless, it  appears  to  me  that  the  theory  of  caustics  haa  been  somewhat  neglected* 
Not  but  what  there  are  many  intereetiog  reiearcbee  on  tbie  iub|eet  tihat  have  been 
conducted  with  abundance  of  care,  but  because  these,  for  the  most  part,  refer  to  cer- 
tain very  restricted  cn«es.  a.s  for  example,  to  vi  flecting  surfaces  of  a  particular  kind. 
In  examining  Irum  u  sumcvvlmt  more  genurui  puiut  uf  view  the  theory  ui  caustics 
|Nodueed  by  refleaton,  I  bave  arrived  at  certain  reeolle,  which  appear  to  me  to  be 
lufflciently  curious  to  deserve  a  short  notice. 

I  Hun;>o8e  the  retiecting  surface  to  be  of  any  kind  whatever,  and  that  it  is  illumi« 
nalcd  by  a  bundle  uf  parallel  ravs.  Suppose,  now,  that  two  of  these  rays  impinge  on 
the  surface  at  two  points  A  and  A'  inmiitely  near  each  other.  Unless  certain  par- 
ticular conditions  are  fulfilled,  the  corresponding  reflected  rays  will  not  be  in  the  same 
plane.  In  order,  thertfore,  that  the  two  rays  may  meet  after  reflexion  so  as  to  form 
a  point  in  a  caustic,  the  p(4nte  A  and  A'  must  be  related  in  a  certain  manner.  Now 
it  will  be  found  that,  starting  from  any  point  A,  there  will  always  be  two  different 
directions  in  which  the  consecutive  reflected  rays  intersect,  and  by  following  these 
directions  Irom  point  to  point,  certain  curves  will  be  traced  on  the  surface,  which  play 
an  important  part  in  the  theory  of  caustics,  and  which  may  be  called  coleplrjMi  Iraet. 
These  lines  bear  some  analogy  to  the  lines  of  greatest  and  least  curvature,  with  which 
ihey  sometimes  nnnridf.  1  heir  form  and  siiuntion  depend  not  only  on  the  nature  of 
the  surface,  but  aUo  on  tiie  direction  of  the  incident  rays..  Each  point  of  the  surface  is 
the  intersection  of  two  eatoptrical  lines,  which  pmsen  the  remarkable  propertv  that 
their  projections  on  the  plane  perpendicular  to  the  incident  rays,  cut  each  other  at 
right  anjiles.  To  each  catojitiicnl  line  tliere  is  a  corr''sp<n,iling  caustic  formed  by  the 
rays  reflected  from  the  catupinc,  and  these  cauHtic  lines  iheniselves  form  a  cauatic 
mufae^t  which  in  general  consists  of  two  sheets,  corresponding  to  the  two  systema 
of  eatoptrical  lines. 

Let  X,  y,  and  z  be  the  coordinates  of  any  point  in  the  reflecting  siirffico,  nnd  let  the 
axis  of  «  be  paralkl  to  the  incident  rays.  Calling,  &a  usual,  the  punial  ditierential 
coelGRcienta  of  a  with  respect  to  at  and  y  of  the  flrst  order  p  and  9,  those  of  the  second 
Tt  §,  and  it  we  have  for  the  eatoptrical  lines  the  simple  equation 

which  may  be  put  in  the  form 

since  djpsr</«-|'«^,  rfg ast A-l-  /r/^/. 
The  quantities  p,  q,  r,  t,  and  t  being  all  expressible  in  terms  of  «  and  y  by  meant  of 

the  equation  to  the  reflectinf  surface,  the  two  values  of  ^  derived  from  the  abova 

equation  can  also  be  expressed  in  terms  of  r  atul  y.  If  tliis  difi^ntial  equation  can 
be  integrated,  the  resulting  relation  between  *  and  jf,  together  with  the  equation  to 

the  stirface,  determine  the  eatoptrical  lines. 

The  point  ^,  7,  and  ^  ul  the  caustic  corresponding  to  x,  y,  t  of  the  reflecting  sur* 
ftee,  it  determined  by  the  following  equations: — 

2p       2q     r-hj^-J  2(ia-r0* 

I'liniinati'ng  x,  y,  z  by  means  of  these  three  equations  and  that  of  the  given  surfaces, 
we  obviously  get  the  equation  to  the  caustic  surface ;  and  eliminating  the  same  qiuui- 
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titles  between  the  same  three  equations,  and  the  two  equaUoM  of  Mljf  OtloptriMl  Unt, 
we  get  the  equations  to  the  corresponding  caustic  line. 

iU  to  the  application  of  this  theory  it  oflS;fs  no  difficnlty*  On  direeting  my 
attention  more  parlietilariy  to  nirfaeea  of  the  second  order,  1  obtained  the  fbUowing 
results : — 

(1^  In  the  case  of  a  sphere  illuminated  by  parallel  rays,  the  fintt  sy:>tem  of  catop- 
trieal  lines  consists  of  great  circles  passing  through  the  same  point,  the  seeond  of  email 
circles  cutting  the  former  at  ri^ht  angles.  The  equation  to  the  caustic  anrfaee  that 
corresponds  to  the  first  system  is 

a  being  tlie  radius  of  the  sphere,  while  the  second  system  has  for  iticanttte  a  straight 
line  passing  through  the  centre  of  the  sphere. 

(8)  If  the  reflecting  surface  be  an  ellipsoid  or  a  hyperboloid,  either  of  one  or  of 

two  sheetii,  and  the  incident  rays  are  ])ariiI1el  to  one  of  the  axes,  the  projections  of  the 
catoptrical  lines  on  the  plane  of  the  other  axes  ar<^  cither  ellipses  or  hyperbolas,  whose 
foci  caincide  with  those  of  the  ttcciiuu  uf  the  »tiriuce  by  tite  »auie  pluuc. 

(3)  In  the  case  of  an  elliptic  ouraboloid  illuminated  by  rays  parallel  to  its  axis, 
the  catoptrical  lines  form  parabolas  whose  planes  are  paralUT  to  one  or  the  other  of 
f1; '  prifu  ipal  sections  of  the  surface.  The  caustic  surfuce  is  reduced  to  two  parabolas 
ivaig  ill  the  planes  of  the  principal  sections,  and  having  the  axis  of  the  paraooloid  for 
their  common  axis,  but  situated  in  opposite  directions.  That  which  lies  in  the  plane 
of  the  greatest  of  the  principal  scctism^  is  turned  in  the  smue  wny  as  the  paraboloid, 
that  lying  in  the  perpendicular  plane  is  turned  in  the  opposite  direction.  Each  of 
these  parabolas  has  the  same  focus  as  the  principal  section  to  which  it  is  perpendica« 
lar,  and  a  parameter  equal  to  the  difference  of  the  parameters  of  the  principal  sections. 
Lastly,  eadi  of  these  caostic  lines  is  perpendicular  to  the  correqranding  system  of 
catoptrical  lines. 

.  (4)  In  the  case  of  a  hyperbolic  paraboloid  illnminafeed  by  rays  parallel  to  it*  axis, 

the  catoptrical  lines  also  fofm  two  systems  of  parabolas  in  planes  parallel  to  the  planes 
of  the  principal  sections,  and  the  caustic  is  again  reduced  to  two  parabolas  situated  in 
the  same  two  planes,  and  turned  in  opposite  directions,  each  having  a  parameter 
eqnal  to  tiie  mi  of  the  parameters  <rfthe  two  principal  eectione* 

There  would  be  no  difficulty  in  applying  the  above  furmulce  to  surfaces  of  revolu- 
tion, to  cyliTMlricnl  coTiicnl  devdojiable  surfaces,  &c.,  but  the  preceding  will  suffioe  tt 
give  an  idea  ut  thu  rckuiu  that  may  be  deduced  in  certain  cases. 

On  lAe  RuHltt  tf  Bemnulira  Tlieory  of  Gasu  as  applied  to  their  Intern^ 
Friction^  their  Diffusion,  and  their  Conductivity  for  Meat   By  Profeeeor 

Maxwell,  F.R.o.E. 

The  substance  of  this  paper  is  to  Ijl  found  in  the  '  Philosophical  Magazine'  for 
January  and  July  I860.  Assuming  that  the  elasticity  ot  gases  cau  be  accounted 
for  by  the  impact  of  their  particles  againat  the  aides  of  the  containing  vesaeU  ^e 
laws  of  motion  of  an  immense  number  of  very  small  elastic  particles  impinging  on 
each  other,  are  deduced  from  mathematical  [)rinciples;  and  it  is  shown,— Ist,  that 
the  velocities  of  tite  particles  vary  from  0  to  go,  but  that  the  number  ut  any  instaitt 
having  velocities  between  given  limits  follows  a  law  similar  in  its  expression  to 
that  of  the  distribution  of  errorg  accpiding  to  the  thcor)'  of  the  "Method  of  }cn^t 
squares."  2n(l.  That  the  relative  velocities  of  particles  of  two  different  systems  are 
distributed  according  to  a  similar  law,  and  that  the  mean  relative  velocity  is  the 
square  root  of  the  »um  of  the  s(|uares  of  the  two  mean  velocitire.  Srd.  That 
the  pressure  is  one-third  of  the  density  multiplied  by  the  mean  square  of  the 
velocity.  4tb.  That  the  mean  vii  viva  of  a  particle  is  the  same  in  each  of  two 
ayatema  in  contact,  and  that  temperature  may  be  represented  by  the  eti  eteo  of  n. 
particle,  so  that  at  equal  temperatures  and  presaui  L:.,  equal  volumes  of  different 
gases  must  contain  equal  numbers  of  particles.  5th.  That  when  layers  of  gas  have 
a  motion  of  sliding  over  each  other^  particles  will  be  projected  from  one  layer  into 
anoth«r,  and  Ana  tend  to  resist  the  aiiding  motion.  Tlie  anonnt  of  this  will  depend 
on  the  average  distance  described  by  a  particle  between  anccesaive  collisions.  From 
the  coefficient  of  friction  in  air,  as  given  by  Fjrofeaaor  Stokee,  at  would  appear  that 
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this  distance  is  f^z^  inch  ;  tlic  mean  velocity  being  1505  feet  per  second,  so  tliat 

each  particle  makes  8,077,200,000  collisions  per  second.  Cth.  Thnt  diffusion  of  gases 
is  due  partly  to  the  agitation  of  the  particles  tending  to  mix  them,  and  partly  to  the 
cxisteace  of  opposing  carrentt  of  the  two  gases  throogfa  each  other.  From  esperi- 
mentB  of  Granam  od  the  diffosioii  of  olefiaot  gas  Into  air,  the  vahit  of  the  dietance 

described  by  a  particle  between  successive  collisions  is  found  to  be         of  aa 

inch,  aij;recing  with  the  value  derived  from  friction  as  closely  as  rough  experiments 
of  this  kind  will  permit.  7th.  That  conduction  of  heat  consists  in  the  propagation  of 
the  motion  of  agitation  from  one  part  of  the  system  to  another,  and  may  be  calcu- 

lated  when  we  know  tlic  nature  of  thu  motion.    Taking  ^^^j^  of  an  inch  as  a  pro- 

bable  value  of  the  dittance  that  a  particle  movea  between  aoceeesive  coUUions,  it  ap- 
fiears  that  the  qoaotity  of  heat  traoemttted  through  a  atratnm  of  air  by  conduction 

woald  be  \^^^^  ^  of  that  traneiaitted  by  a  etratom  of  copper  of  equal  thich* 

ness,  the  difference  of  the  temperatures  of  the  two  sides  being  the  same  in  both 
cases.  This  shows  that  the  nbsorvpd  low  conductivity  of  air  is  no  ohjectton  to  the 
theory,  but  a  result  of  it.  8th.  That  if  the  collisions  produce  rotation  of  the  parti* 
clee  at  alU  tbt  tt»  viva  of  rotation  will  be  equal  to  tiiat  of  translation.  Tbie  relation 
would  make  the  ratio  of  specific  heat  at  constant  pressure  to  that  at  constant  volume 

to  he  whereas  we  know  that  for  r\ir  it  is  1*408.  This  n—nlf  of  the  dynamical 
tlieory,  being  at  variance  with  experiment,  overturns  the  whole  hypothesis,  however 
satisfactory  the  other  results  may  be. 


Oh  tm  tmtrwumUfiir  EtkibUing  any  Mhiiure  of  iki  Cotovrs  of  Me 
Speetrum,  By  Profeeaor  M axwbll,  FJLSJB, 

This  instrument  consists  of  a  box  about  40  inches  long  by  1 1  broad  and  4  deep. 

Light  is  admitted  at  one  end  through  a  system  of  three  ftlits,  of  which  the  position 
"and  breadth  can  he  altered  and  accurately  measured,  This  lipht,  near  the  other  t-nd 
of  the  box,  fulls  on  two  pri^s  in  succession,  aud  then  on  a  concave  mirror,  which 
reflects  it  back  through  the  prisms,  so  as  to  increase  the  dispersion  of  colours.  The 
light  then  fiili^  on  a  plane  mirror  inclined  45°  to  the  axis  of  the  instrument,  and  is 
reflected  (ui  a  screen  in  whi(  h  is  a  narrow  slit.  On  lliis  screen  are  formed  three  pure 
spectra,  tiie  position  and  intensity  of  each  depending  on  tlie  position  aud  bieadlh  uf 
the  slit  through  which  the  light  was  admitted.  The  portions  of  these  spectra  which 
fall  on  the  slit  in  thr  screen  pass  througli,  and  arc  vinwed  by  the  eye  placed  dose 
behind  it.  A  colour  compounded  of  these  three  portions  of  three  diflVrent  bpectra 
is  seen  illuminating  the  prisms,  and  can  be  compared  with  white  reflected  light  seen 
past  the  edge  of  the  prisms.  The  advantage  of  the  instrument  over  that  described 
to  the  Association  in  IS'jO  that  hy  the  principle  of  reflexion  the  rays  return  in  tliL' 
same  tube,  so  as  not  to  re4uire  two  limbs  forming  an  awkward  angle ;  while  at  the 
same  time,  by  doubling  the  dispersion,  tite  necessary  length  of  the  inslnimcnt  is 
diminished.  By  means  of  this  instmmeat  many  observations  of  colours  have  been 
taken.  Some  of  these  by  a  colour-blind  perscm  are  published  in  the  '  Philosophical 
Transactions '  for  I860. 


Furihtr  BettarcHu  regarding  the  Laws  of  CkromaHe  Di^pmrmn* 

By  MuNoo  Ponton. 

In  this  paper  the  author  has  revised,  and  improved  in  ita  details,  his  method  of 

exprcs-^inp  tlir  i  rfi  artive  index  of  a  medium  as  a  function  of  the  wnve-lencrth. 

lie  euiploy^i  X  to  denote  the  ratw  of  any  particular  wave-length  referred  to  that 
of  the  fixed  line  B  as  unity.  The  numerical  values  of  the  wave-lengths  of  the  lines 
C,  D,  E,  F,  G,  H  are  given,  as  calculated  frotn  Fraunhofer's  measures. 

The  author's  formula  for  expressing  the  refractive  index  0*)  as  a  function  of  X  is 
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wliere  ii  must  he  found  by  the  method  of  trial  and  error  for  eadi  nediQin  in  parti- 
cular, ud     «*  are  certaio  known  ftinctiona  of  n  and  of  the  obeenred  indices. 

Thns  Uu  formula  contains  three  arbitrary  ooiMtante»  which  moat  he  determined 
from  the  results  of  observation. 

When  these  constants  are  properly  determined  for  any  medium,  the  formula,  even 
In  liie  case  of  the  most  highly  dispereive  media  which  have  been  observed*  Is  found 
to  represent  very  accurately  the  obeervationa»tiie  utmoet  error  being  only  a  few  nnitt 
in  the  foarth  place  of  deciniais. 


JEscperimeiUt  and  Conclusions  on  Binocular  Vition. 
Bjf  Professor  William     Rooers,  Biuion,  U.S*  . 

The  following^  experiments,  intended  to  tu^t  tlK^  theory  of  the  sucoeaeiye  com- 
bination of  corresponding  points  iii  gtoreristH  pic  \  itucm,  are  I  Ijt  litn  o  in  part  new, 
and  are  iu  part  modihed  reuetitiozis  of  cxpormients  abready  described  by  Professor 
Wheatatone  and  Professor  Dove^ 

1.  Let  t^'o  slightly  inclined  luminous  lines,  formed  by  nanow  slits  in  a  strip  of 
black  card-bonrcf,  bo  combined  into  a  perspective  line,  either  with  or  without  ^ 
stereoscope.  Looking  at  thi^  for  a  few  six;oudsj  so  as  to  induce  the  reverse  ocular 
spectrum,  and  thai  duectinir  the  cvea  towaxds  uie  opposite  wall  of  the  apartment, 
n  single  spectrum  will  be  oDsenred  having  the  attitudo  and  relief  of  the  original 
binocular  resultant. 

As  a  strong  illumiimtiou  of  the  linos  is  necessary  to  bring  out  the  liiii  ctlbct,  tho 
card-board  should  be  held  between  the  eves  and  some  brilDantly  white  surfaooy  as 
tlie  globo  of  a  ."olar  lamp  or  a  Btroii;:ly  flfituainatod  doudi  caie  being  talcra,  to  pre- 
vent the  t'utraocL-  of  extraneous  light. 

2.  Using  the  same  arrangement,  let  the  lumiuoud  liiie^  be  regarded  in  succession 
oadi  by  the  corresponding  eye,  the  other  eye  being  shaded  so  that  no  direct  bino^ 
cular  combinatiou  t  au  be  formed.  On  looking  towards  tho  wall,  it  will  bo  seen  that 
the  two  su^ective  images  unite  to  ^orm  a  single  spectral  U»e,  hoeing  tJie  same  relief  as 
^the  lum  had  been  mreeify  cotnUned  by  simultaneous  vision,  eiUier  with  or  without 
a  stereoscope. 

TNliile  the  perspeetivc  image  continues  distliK  tly  vi.-«ible,  let  either  eye  be  <  I  r  i  il, 
the  other  belDg  still  directed  towards  the  walL  The  image  will  iustuutiy  lono 
its  relief  and  tdce  its  position  on  tihe  plane  of  the  wbU  as  an  indined  line,  cone* 
roondin^  to  the  subjective  image  in  the  eye  that  has  remained  open.  Wlien 
tne  subjective  impresaiona  have  been  sufficiently  strong,  it  is  easy  to  alternate 
those  enects,  by  projecting  hrst  the  picture  proper  to  the  right  eye,  then  that  of 
the  left,  on  the  jihrne  of  the  wall,  witn  thdr  rei^MCtive  contrary  inclinations;  and 
tlien  looking  with  both  eyea^  we  see  the  resultant  image  start  forth  in  ita  penpec^ 
tive  attitude. 

It  is  hai-dly  necessary  to  say  that  to  obtain  these  efl'ects  satisfactorily  the  lines 
should  be  vny  strongly  illuminated,  and  the  observer  should  have  some  practice  in 
experiments  on  stibj  l  cti  ve  vision.  Under  these  conditions  I  have  found  the  results 
to  oe  per/edJg  certain  and  um  farm. 

In  these  experiments,  according  to  the  theory  of  Sir  David  Brewster,  tiie  result- 
ant spectrum,  instead  of  being  a  single  line  in  a  perspective  position,  ought  to  pre- 
sent the  fomi  of  two  lint's  inclined  or  crossing,  sitnati  fl  in  the  plane  of  tlie  -'vnll 
without  projection  or  relief.  The  conditions  of  the  experiments  ai^e  such  a^  to 
exclude  all  opportunity  of  a  shifting  of  imagt  on  ike  reUnOf  and  such  shiflang  is 
obvioudy  essential  to  the  successive  oomlnnation  of  pain  of  points  required  by  the 
theory  in  the  prodiir'tion  of  perspective  effect 

In  reference  to  the  first  experiment,  it  might  perhaps  bo  maintained  that,  as  the 
perspectiveness  of  the  ori^nsl  resultant  on  whiui  the  eryes  were  converged  formed 
part  of  the  direct  perception  in  first  combining  the  lines,  it  would  be  likely  through 
association  to  be  mcluaed  also  in  the  spectral  or  subjective  perception.  But  this 
consideration,  wbich  at  best  appears  to  me  of  little  weight,  is  entirely  inapplicable 
to  the  conditions  of  the  seoind  experiment  For  here  uie  eves  are  in  tne  first 
pincr  imprp>-f  d  jVi  sttcaifmon  with  their  respective  images,  and  Ore  not  jJlowed  to 
see  the  resultant ;  and  yet  when  they  are  together  directed  to  the  wall,  ike  percept 
tion  of  the  single  perspwiire  resultant  is  at  once  origitiated. 
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&  Witiumt  reeoctiiig  to  these  troubleioine  eflbrts  of  milgeetiTe  "vkuim,  the 

lowing  experiment  funiishes,  as  I  think,  conclusive  proof  that  pictiires  tsluiOtMMtf 
imp  reaped  on  the  respective  eyes  are  suJlicient  for  the  8toreo.«icopic  effect. 

Let  an  opake  screen  bo  made  to  vibrate  or  revolve  somewhat  rapidly  between 
the  eyes  and  the  twin  pictures  oi'a  stereoscopic  drawing,  so  as  alternately*  to  ttqwn 
nnd  cover  each,  while  it  coniplntely  excludes  the  simultAneous  vision  of  any  parts 
of  the  two.  The  Uereo9copui  relief  will  be  as  apparent  in  tliese  cotuUtutM  m  when  Uu 
tnoving  screen  is  withdraum.  Ilere  at  each  moment  the  actual  impression  in  tha 
one  and  the  retained  impEeanon  in  the  odier,  team  the  dements  of  the  pe^ 
spectn  0  resultant  perceived. 

It  seems  clearly  inferrible  from  these  expehmeutS|  that  the  perception  of  the 
resultuit  in  its  proper  relief  does  not  xequiie  that  each  pair  of  corresponding  potati 
should  be  oombmed  by  dirt  etin^  the  optie  axes  to  them  pair  by  pair  in  succession, 
as  has  been  maintained.  Nor  is  it  necessary  for  the  singleness  of  the  resultrmt 
perception,  that  the  images  of  corresponding  points  of  the  object  should  fall  on 
what  are  called  ooResponding  points  w  the  retina.  The  eondition  of  single  vinoB 
in  such  cases  seems  to  be  simply  this,  that  ihe  pictures  in  the  two  eyes  shall  he  twh 
and  m  phifu'il  ax  to  hi'  {(h'titiatl  trith  the  pictures  which  tfte  real  figed  would  form  ^ 
placed  at  a  yivai  distance  and  tn  a  given  attitude  before  the  eyes, 

4.  I  have  of  late  years  frequently  repeated  Dove's  experiments  with  instantaneoos 
illimiination,  leading,  a.s  is  well  known,  t(  i  similar  conclusions.  In  those  I  have  found 
it  most  convenient  to  use  the  momentary  bright  flaf«h  of  the  Leyden  bottle,  con- 
nected with  the  liuhmkorff  coil  aeeordlng  to  Grove's  plan.  NVith  a  powerful 
coil  of  Kitchie's  construction,  and  A  brass  disc  8  inches  in  diameter  having  the  usual 
conccntrir  trintion,  I  am  able,  even  with  a  single  fln?1i,  to  soe  the  luminous  line  in 
perspective,  and  by  a  quick  succession  of  flaahee,  1  can  have  it  as  steadily  befon 
me  as  if  iUuminated  bv  the  sun. 

A  twin-drawing  of  a  simple  geometrical  solid,  placed  in  the  sterooecope,  and 
illuminated  by  the  same  means,  appears  single  and  m  just  i«  lirf  in  all  cases  where 
the  flashes  recur  at  short  inter\  als,  aud  vei^  fircquentiy  preseuttt  the  same  appear- 
ance  eren  iHili  a  single  momentary  light. 

To  be  assured  that  the  eff^t  vms  not  due  to  the  recollection  of  a  previous 'stereo- 
scopic impression,  I  have  caused  slides  to  be  introduced,  of  which  the  form  could 
not  be  thus  anticipated,  aud  still  have  had  no  ditficulty  in  describing  the  perspec- 
tive resultant  as  exhibited  by  the  instantaneous  iUnminatioo. 

6.  On  ihe  inability  of  flic  ci/rs  to  determt/ir  trJiich  retina  is  impressed. — Let  a 
small  disc  of  white  pa])er  l)e  fa-^tened  on  a  slip  of  black  pasteboard  of  the  sixe 
of  a  stereoscopic  alide,  and  let  this  be  so  placed  in  the  instrument  as  to  bring  the 
disc  centrally  in  front  of  one  of  the  glasses,  the  person  who  is  to  view  being  kejat 
m  igttorance  of  the  position  of  the  spot.  On  looking  into  the  instrument  he  will 
think  he  sees  it  \viui  both  eyes  eoually,  and,  without  resorting  to  the  expedient  of 
closing  his  eyes  alternately,  will  oe  entirely  unable  to  determine  whether  the  spot  is 
before  his  right  eye  or  his  left  eye.  The  spot  appears  to  be  placed  in  the  mesial  or 
binocular  (lir*<rtion,  and  in  the  snmr^  position  as  that  of  the lesultant image  of  two 
such  discs,  presented  severally  to  the  two  eyes. 

It  may  be  eondnded  from  this  that  the  mere  retinal  improaidoB  on  either  eye  is 
nnaocompanied  by  any  conscious  reference  to  the  special  surface  imprsBsed, and' that 
the  visual  pfrr*']>tio!!  belongf^  to  that  part  of  tlie  optical  appaiatus  near  or  within 
the  brain,  which  belongs  in  common  to  botli  eyes. 

Thia  experiment  is  moreover  interesting  from  its  bearing  on  the  law  of  HM 
direction.  It  shows  that  the  sense  of  direction  is  just  as  truly  normal  to  the  central 
j»rt  of  the  retina  that  has  received  no  light  from  the  object,  as  to  the  part  of  the 
other  retina  upon  which  the  white  spot  hn^  Ix^eu  actually  painted  by  the  ravs.  In 
truth  it  is  normal  to  neither,  but  is  felt  to  be  in'  the  miadie  line  between  the  two, 
that  is,  in  the  binocular  direction.  This  e.yperiment  tlien-fore  contradicts  the  law, 
which  »i>sumes  that  thr>  direction  in  which  an  object  appears  is  always  in  the  normal 
to  the  poiut  of  the  retina  iiuprei^d. 
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R^gulatettr  AtUomatigtie  de  Lumiere  Ehctrique.    By  M.  Serrin. 

To  form  the  electric  arch  of  light,  it  is  first  necessary  to  bring  the  charcoal  points 
Into  contact,  tlwn  gently  to  teparafee  then  by  degrees,  as  they  glow,  afterwards  to 

cause  them  to  approach  constantly,  as  they  are  wasted  by  u^r,  mrpfully  avoiding 
bringing  them  into  contact.  In  order  to  keep  the  point  of  illumination  tixcd  in  space, 
each  cluurcoal  point  must  simultaneously  approach  the  other,  and  that  in  the  pro<- 
portion  in  wbieli  each  ie  mwted  by  nae.  In  fine,  for  rendering  the  electric  light 
useful,  all  these  conditions  must  be  self-produced  with  the  utmost  regularity,  with- 
out any  intervention  of  the  human  hand,  that  is  to  sajr*  in  a  manner  completely 
automatic ;  and  this  waa  ttie  object  Ae  ngulator  waa  invented  for.  tn  a  alnple 
and  easy  manner,  this  apparatus,  whidi  may  be  compared  to  an  extremely  sensible 
balance,  is  composed  of  two  mechanisms  connected  the  one  with  the  other,  and  yet 
independent ;  when  one  acts  the  other  is  in  repose,  and  reciprocally.  One  of  these 
eonsttts  of  an  oedllating  system,-^e  chief  featnre  of  tiie  regulator  deatincd  to  pro- 
duce the  separation  of  tne'cbarcoal  points,  and  also  to  determine  their  re-approach* 
The  other  mechanism,  composed  of  wheel-work,  has  for  its  object  to  ensure  the  re- 
approach  of  the  charcoal  points  in  the  proportion  ot  their  waste  by  use.  The  two 
port-carbona  which  carry  the  clmrcoal  pMoea  are  placed  vertically  one  above  tiie 
other.  The  superior  is  in  connexion  with  the  wheel-work,  and  is  the  positive  elec- 
trode of  the  batter)';  the  inferior  depends  as  well  on  the  wheel-work  as  on  the 
osciiiating  system,  and  is  the  negative  electrode.  The  superior  port-carbon,  by  its 
vreight,  cauaea  the  inferior  to  aacnid.  The  oacillating  system  forma  a  paralldogram, 
of  which  the  angles  are  jointed,  one  of  the  vertical  sides  of  which  is  suspended  by  a 
spring,  and  carries  at  its  lower  part  a  soft  iron  armature,  placed  over  a  horizontal 
electro-magnet.  When  the  apparatus  is  in  repose,  the  charcoals  are  in  contact ;  on 
the  contrarv,  they  separate  when  the  drcnit  ia  completed  and  the  voltuc  arc  wp' 
pears.  As  the  wasting  by  use  of  the  charcoals  increases  the  length  of  the  voltaic  arc, 
tht'  armature  inrrrases  its  distance  from  the  electro-maguet,  become  less  powerful, 
and  the  charcoalii  rc-approach  by  a  (juuntity  frequently  lesa  than  the  one-hundredth 
of  a  millimetre;  but  according  as  they  re-approach,  the  electro- magnet  recover*  it* 
original  power,  the  armature  is  attrr^cted  anew,  and  the  charcoals  stop  until  a  new 
wasting  gives  rise  to  a  new  re- approach  followed  by  a  new  stoppage,  and  so  on  in 
succession.  In  consequence  of  its  extreme  sensibility,  it  will  work  either  with  a 
voltaic  pile  or  an  electro-magnetic  madune. 


Q»  $oim  lUemU  Ektennoiu  ^Ptevoat'a  Theory  qf&cdumget* 
Bjf  Balfour  Stbwart>  MJL 


0»  Bin^  mm  in  tuwing  a  Light  through  FUtroui  Specimens  of  Calc- 
tpar*       6*  Johmstomx  Stonby,  MJL^  FJULS,  ^ 

Hie  auUior  mentioned  that  8ur  David  Brewater  bad  drawn  the  attention  of  the 

Aaaodation,  at  the  York  meeting,  to  the  beautiful  dieplay  of  four  rings  which  may 
be  seen  on  looking  at  a  luminous  point  through  fibrous  9|)ecimens  of  calc-spar. 

in  the  present  commuoicauon  the  forms  of  the  rings  were  traced  as  a  consequence 
of  Hnygen'a  comtroction,  and  the  pointa  where  rings  vanish,  or  where  irises  paaa 
into  one  another,  were  determined.  The  state  of  polarization  was  also  examined,  and 
the  positions,  in  which  two  of  the  rings,  which  arc  faint,  will  be  most  conspicuous. 
The  author  drew  particular  attcuiion  to  the  great  range  of  bnghtoci»8  of  these  faint 
rings,  and  to  the  drenmetaooea  atlendmg  the  diaappearanoe  of  one  of  them*  In  con* 
sequence  of  a  curious  case  of  impocaible  reflexion,  aa  otflnring  pecnliar  faeilitiea  Ibr 
testing  rival  hypotheses. 


On  Thin  Film*  of  IJeromposed  Glass  found  near  Oxford, 

Jif/  ]{.  Thomas. 

The  films  were  observed  on  bottles  of  the  form  called  magnums,  which  had  been 
lying  in  thciCherwell  above  a  century.  The  ilbna  formed  by  decompoaition  on  the 
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•orftce  were  ctsily  detacHccI,  and  tabinitted  to  obeenntion.  The  reiccled  tnd  true* 

initted  tints  were  complementary  to  each  other  wheo  held  perpendicularly;  diev 
varied  when  the  pos^ition  was  changed  and  the  path  of  the  rays  became  oblique.  By 
examination  under  the  microacope  the  Hims  were  found  to  be  composed  uf  a  dcries  of 
•till  tbinncr  films,  several  of  which  were  required  for  manifesting  colours  by  trans- 

mitted  light.  In  sutnc  cases  as  m.'iny  as  sixteen  of  these  thinner  latninx  were  counted. 
The  colour  is  brightened  in  proportion  to  the  number  of  laminic.  When  two  tilrns 
overlap,  the  tint  produced  is  the  mixture  of  the  two—yellow  and  blue,  for  instance, 
produdng  green.   In  general  the  layers  are  flat  and  the  colour  uniform,  but  some- 

times  undulated  over  bubbles,  and  then  the  colour  is  varied.  Some  specimens  with 
a  few  bubbles  show  a  dift'erence  of  colour  at  the  liubble  wltb  common  light,  and  with 
polarizeil  light  the  black  cross  aitd  complementary  colours  appear. 


Elbctaicity,  Maonbtism* 

Oil  certain  ResuUs     Observaliojts  in  t/te  ObsertHitory  of  Ilis  iliyhiie^  the 
Rajah  of  Trawiucore,    By  John  Allan  B 

The  following  were  noticed  by  the  author.  Ut.  With  regard  to  the  mode  io 
which  the  diurnal  law  of  magnetic  dcctinaftion  vuies  froin  |ilace  to  place,  and  the 
probal)le  position  and  epoch  of  the  tineof  least  diurnal  variation  near  the  equinoxes. 
For  this  object  two  stations  were  cliosen — one  near  the  magnetic  equator,  90  miles 
north  of  Trcvandrum,  the  other  about  40  miles  south  at  Cape  Comorio,  where  coQ- 
ti&uoua  honriy  observations  were  made  during  several  montiis  about  the  periods  of 
the  equinoxes.  The  most  marked  of  the  conclusions  arrived  at  from  tbeac  ohserva- 
tions  were,  that  the  minimum  diurnal  variation  near  the  March  equinox  occurred 
earlier  in  the  year  at  Trevaodrum  than  at  Shertaliy  90  miles  north,  and  on  the  oug- 
netic  equator ;  that  the  law  presented  marked  diHereBces  at  the  two  plans,  near  & 
epoch  of  minimum  variation ;  and  that  the  difference  of  the  variations  at  the  two 
stations  occurred  almost  wholly  between  midnight,  sunrise,  and  noOQ,  the  difference 
between  ooon,  sunset,  and  midnight  being  comparatively  small. 

Sad.  Pkojeeted  observations  were  exhibited' in  proof  of  the  reeults  oommunicatcdl 
by  the  author  to  the  Leeds  ^T^  i  ting  of  the  Association,  that  the  daily  mean  inten- 
sity of  the  cartli''^  magnetism  ituiLascs  as  a  whole  or  diminishes  as  a  whole;  so  that 
if  at  any  point  on  the  earth's  buitacc  the  daily  mean  intensity  iocreasra,  it  will  be 
found  tnat  it  increases  similariy  at  all  oHier  |mee»  Ui  proportion  to  tihe  absolute  ia- 
tensity  at  each  place,  allowance  being  made  in  cases  of  great  dtsturbanee  to  the 
greater  value  of  disturbances  in  high  latitudes. 

3rd.  Projected  observations  were  also  exhibited,  showing  that  tlie  mean  dail^ 
easterly  declination  of  the  north  end  of  a  magnet  followed  on  the  whole  the  same 
law  of  variation  in  both  hemispheres,  dIfTerirt::  frr  m  the  (?iurnn!  vnriatinn,  where  the 
north  end  moves  east  in  the  southern  hemisphere,  while  it  moves  west  in  the  ooftb- 
era  hemisphere. 

4th.  The  author  had  investigated  the  laws  of  the  diurnal  variation  of  the  baro- 
meter within  the  tropics.  He  bad  endeavoured  to  determine  whether  the  chair  of  the 
Indian  Ghats  had  any  iutluence  on  the  great  atmospheric  semidiurnal  wave  mcmog  . 
westward.  Hourly  observations  had  hmx  made  for  a  month  in  1867,  at  a  ststioo 
on  the  eastrni  base  of  the  Ghats,  on  the  highest  peak  in  Travancore»  on  the  western  | 
bn-^e  all  within  a  few  nii!e«) ,  and  at  Trevandrum  20  miles  distant,  near  the  sea  shore. 
Sunilar  observations  had  been  made  in  1858,  at  four  stations  on  the  western  face  01 
the  Agastier  Malley,  differing  by  1600  to  1700  feet  from  each  other  b  height,  is 
correspoodrace  with  the  Tkrevand  r  u  m  Observatory.  In  these  observations  the  grewtett 
care  was  taken  to  have  the  best  instruments,  the  timcn  of  obser\-ation8  were  pre- 
cisely simultaoeous,  and  instruoients  of  all  kmds  were  observed  likely  to  give  resait^ 
relatod  to  tha  oueatioD  eiamincd  s  fifteen  ohenvcn  wew  employed,  and  the  obaefv»' 
tions  continued  honriy  daring  •  month*  Fhnn  thcae  observation^  it  appctrs  thit 
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the  semidiunial  law  of  atmospheric  pressure  is  the  same  at  all  heights  op  to  6200 
feet  (on  ?\  sharp  peak),  from  9  p  m.  to  9  a  .m  .,  both  as  regards  epoch  and  range.  The 
day  variaUun  (9  a.m.  to  9  p.m.)  is  greatest  lor  the  lowest  station,  depending  evidenliy 
on  the  temperatore.  Tbe  mathor  eonnectcd  these  facta  with  the  hypothesis  propoaed 
by  Dr.  Lamont  and  himself,  that  t^ie  semidiurnal  variation  ia  doe  to  the  indudng 
electrical  action  of  the  sun  on  our  purth  and  its  atmosphere. 

These  and  several  other  re:>ulti»,  at  present  uniy  partly  wurked  out,  would  be  pub* 
liahed  aooo  in  detidl.  The  printing  of  tiie  obaervatlons  made  io  the  obaervntory  of 
His  Highness  the  Rajah  of  Travancore  was  proceeding  as  rapidly  at  Trevandrem  as 
could  tM  expected  in  india^  and  the  first  aheeta  were  in  the  author's  hands. 


On  At  Diurnal  Variations  of  the  Magnetic  Declination  at  the  Magnt^ 
EquafoTf  and  the  Decennial  Period,    By  John  Allan  Broun,  F,R,S. 

SoJar-dinmal  Vnrintion.—TYi^  author  stated  that  the  ohservatifjns  made  at  the 
intertropical  observatories  had  shown  the  fact  that  the  law  of  solar-dturnai  variation 
was  opposite,  or  nearly  ojipoaite,  at  two  aaaaona  of  the  year ;  thia  reanlt  waa  made 
generally  known  to  the  acientific  world  by  General  Sabine,  in  hia  dtacnaaion  of  the 
St.  Helena  Observations.  St  Helena,  however,  is  too  far  from  the  marrnetic  equator 
to  show  the  change  from  one  law  to  the  other,  otherwise  than  as  a  sbtUing  move« 
ment  c^the  mff***^  and  miidma,  which  aeem  to  elide  In  the  conree  of  a  month  or 
two  from  one  positiDn  to  the  other;  the  whole  range  of  the  variation  being  conaider^ 
able  at  all  seasons.  Mr.  Broun  offered  to  the  Section  the  rr«n!t?  of  five  years* 
observations  made  at  the  Trevandmm  Observatory,  about  90  mtles  south  of  the 
magnetic  equator,  which  showed  pcrftctly  the  mode  of  variation  of  the  diornal  Iaw« 

In  the  months  of  December,  January,  and  February',  the  minimum  of  easterly  de- 
clination occur?  at  7^  a  .m.  ,  in  the  months  from  April  to  September,  the  maTtmum 
occurs  at  exactly  the  same  time.  In  the  months  March  and  October  a  period  of 
indifference  ia  attidned,  when  the  variation  becomes  nearly  zero,  or  tibe  variation  ia 
a  series  of  maxima  and  minima  at  different  hours,  and  Uie  range  or  total  angular 
movement  is  reduced  to  about  thirty  seconds  (0''5)  when  the  mean  of  a  few  days 
is  taken.  The  e[)ochs  at  which  this  change  takes  place  are  neither  those  of  the  sun's 
crbsmng  tiie  equator  nor  the  tenith,  and  tiie  epoch  aeema  to  vary  from  year  to  year. 
The  March  epoch  is  not  distant  from  the  vernal  equinox,  but  the  other  occurs  nearly 
a  mnnth  later  than  the  autumnal  equinox.  So  far  is  the  second  epoch  fur  the  change 
from  one  law  to  the  other  from  that  of  the  sun's  crossing  the  zenith  or  equator,  that 
Aogvat  and  Sq^tember  are  the  montiia  <^  greatest  diurnal  range. 

Although  Trevandrum  is  in  8i*  north  latitude,  it  has  a  magnetic  dip  of  2  J°  south  ; 
but  the  diurnal  variations  affect  the  character  of  the  northern  hemisphere  more  than 
that  of  the  southeru  hemisphere, — the  mean  range  for  the  months  from  May  to 
September  being  nearly  three  nunutea  (3'),  while  for  the  months  of  December  and 
January  the  range  is  only  abotit  two  minutes  (2'). 

Mr.  Rroun  was  the  first  to  point  out  that  tiie  diurnal  law  at  any  j  iac  o  mi^ht  he 
represented  by  the  superposition  of  two  variations,  one  resembling  that  peculiar  to 
high  north  latitudes,  the  other  resembling  that  peculiar  to  high  sooth,— the  northern 
part  being  always  in  excess  in  high  magnetic  north  latitudes,  and  in  excess  for  places 
in  low  magnetic  north  latitudes  only  for  the  sun  north  of  a  given  line.  It  is  evident 
that  we  may,  by  descending  towards  the  magnetic  equator,  reach  a  station  where  for 
a  given  position  of  the  sun  the  two  variatioaa  will  be  equal  or  nearly  equal,  in  which 
caae  for  that  position  of  tho  ^an  the  complete  extinctioo  of  the  diurnal  law  may  be 
expected ;  this  occurs  approximately  at  Trevandrum. 

When  the  dhiroal  range  is  exammed  with  reference  to  the  decennial  period,  it  is 
foond  that  the  mean  range  had  a  minimum  in  the  year  1856,  the  exact  epodi  of 
minimum  being,  pcrhap-?,  about  January  of  that  year ;  but  when  the  ranges  for 
given  months  are  considered,  some  curious  differences  from  the  law  are  discovered. 
The  yearly  mean  of  monthly  mean  ranges,  vrith  the  mean  rangea  for  the  months  of 
March  and  October,  are  aa  followa : — 
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It  will  be  perceived  from  this  Table  that  the  range  for  the  month  of  March  has 
gone  on  increasiog  from  1654  till  1858,  the  rao^e  for  the  latter  year  being  more  than 
dooble  that  for  the  former ;  tiimt  while  the  minimain  for  the  whole  year  oecarred  in 
16S6«  that  for  March  occurred  in  ]  854,  or  before  that  year.  In  the  case  of  the 
month  of  October,  the  ranges  diflPer  little,  that  for  1854  being  the  grealct,  ami  ih  it 
for  1857  the  least.  It  is  conceived  by  the  author  that  this  curious  varmuuu  m 
March  and  Octohnr  is  ctmnected  vnth  a  shift  in  the  epoch  of  miaimom  diaroal 
YariatioQ.  If  this  epoch  happen  near  the  middle  of  the  rnoiil!),  the  rnnie  for  the 
mean  of  the  month  w  ill  be  least ;  if  it  ha[)pen  inrlier  ir  later,  tiie  greater  range  of  the 
preceding  or  succeeding  periods  will  preponderate  lu  tiic  monthly  mean.  Should  this 
be  Uie  cause  of  the  Tariatioii  of  range  for  March  and  October,  it  wouU  follow  that 
the  two  superposed  variations  which  produce  the  tntril  variation  may  chanrrc  their 
relative  values  from  year  to  year  for  a  given  place  and  for  a  given  position  of  the  sun. 

Lunar-diurnal  ^arta/to».— This  variation,  which  was  first  remarked  by  M.  Kreil, 
and  afterwards,  though  quite  independeatly,  by  the  author,  has  since  been  discussed 
by  Ot-neral  Sabine.  The  latter  prntlcman  has  made  it  a  subject  of  inquiry,  first, 
whether  the  lunar-diurnal  variation  within  the  tropics  obeyed  different  laws  for  the 
moon  north  and  south  of  the  equator,  tike  the  solar-diurnal  law;  and  2nd,  whether 
the  decennial  period  coald  be  perceived  in  the  former  as  it  is  in  the  latter.  His  con- 
clusions in  both  cases  have  been  in  the  npn:ntiv( .  Mr.  Broun  has  disrcusscd  five 
years'  observations  at  Trevandrum,  from  which  he  arrives  at  the  following  results. 

1st.  That  the  lunar-diumal  law  varies  with  the  moon's  declination,  but  not  to 
the  exfenTof  Inverting  the  law.  In  all  cases  there  are  two  maxima  of  easterly  de- 
cHnntion  near  the  superior  and  inferior  transits,  anr!  two  minima  for  the  Tn(?nn  near 
tlie  horizon.  If  we  consider  the  period  about  the  solstice  of  December,  we  shall  hod 
tiiat  the  greatest  masdaram  occurs  at  the  InliBrior  tranrit  for  the  noon  fhiHieal  norliw 
and  at  the  superior  transit  for  the  moon  furthest  south.  The  greatest  minimum  ia 
near  moonrise  for  the  moon  nn  the  equator  going  north,  Rntl  near  moon«et  for  the 
moon  on  the  equator  going  south,  while  the  minima  are  equal  for  the  moon  furthest 
north  and  forthcat  south.  TTie  epochs  also  vary  slightly. 

Sod.  The  Innar-dinmd  Iaw»  which  remaba  nearly  constant  as  retards  epochs  for 
all  positions  of  the  moon  at  any  given  •reason  of  the  year,  is  the  inverse  in  Jane  of 
what  it  is  in  December ;  so  that,  for  the  sun  furthest  north,  the  lunar-diumal  law  has 
its  maximnm  where  for  the  san  foithest  soodi  it  has  its  minima,  tiie  latter  occurring 
n^r  the  epochs  of  transit  in  June  and  July.  In  this  way  the  lunar-diumal  law  de- 
pendt  on  ike  potiHim  ^  tim  m*  relatively  to  the  ecliptic*  and  not  (or  Uttk)  on  that  of 
the  moon. 

Hie  range  of  the  lonar-diomal  variation  is  greatest  near  perihelion,  whidi  is  just 

the  reverse  of  the  solar-diumal  law ;  this  appears  to  depend  on  the  moon's  greater 
proximity  to  the  sun  a<<  the  cause  of  its  magnetic  action.  The  range  is  kmAnear 
the  epochs  of  the  equinoxes,  as  foi  the  solar-diurnai  law. 

The  canse  of  the  great  difllerences  found  by  General  Sabine  in  the  laws  for  dif- 
ferent places  in  the  same  hemlsi)here,  is  attributed  by  the  author  partly  to  the  com> 
bination  of  Iftws  which  vary  coir^iderabiy  at  the  same  place  for  different  seasons. 
The  auUior  also  pointed  out  that  General  Sabine's  failure  to  discover  the  decennial 
period  in  the  Innainiiamat  variation  may  be  doe  to  the  fact  that*  before  he  com* 
menccd  his  discussion,  ho  had  first  cut  out  all  the  disturbances  beyond  a  certain 
limit,  so  thai  a  greater  proportion  were  rciectctl  in  the  years  of  greatest  disturhancc. 
The  decennial  law  is  one  affecting  the  regular  dmrual  variations,  chiuUy,  through  the 
disturbance ;  so  that  if  the  latter  be  omitted  the  effect  ahould  not  appear  (or  appear 
but  alightly)  in  the  fomer.  The  projected  obscrvationa  were  ohibited  to  the  Scctioii* 
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On  a  New  Induction  Dip-Circle*   By  John  Allan  Broun,  F,R,Sm 

The  idea  of  determining  the  earth's  magnetic  intensity  by  its  inducing  action  on 
•oft  iron  was  employed  by  Dr.  Lloyd  for  the  purpose  ot  obtaioiog  the  magnetic  io- 
diiMtioD.  A  son  iron  bir  being  placed  fCftkally,  ao  that  the  iodocad  magnetism  of 
one  end  should  act  on  a  fteely  suspended  magnet,  the  daflection  thus  produced  was 
observed,  and  considered  proportional  to  the  vertical  component  of  the  earth's  mag- 
netic intensity ;  the  bar  was  then  placed  horizontal,  and*  the  same  end  acting,  the 
defleet&m  was  obMmd,  wUch  was  in  Uie  same  way  eoosidered  propoitMuial  to  the 
horizontal  component :  were  there  no  sources  of  error,  the  incliDation  min^  lie 
determined  from  these  two  armies.  The  iron  bars  employed  always  possess  or 
acquire  a  certain  amount  ut  induced  magnetism,  the  effect  of  which  is  einuinattid  by 
tnt«rting  the  bar  for  the  different  deflections ;  tliere  are,  however,  still  two  sonrose 
of  error  which  remain.  The  most  important  is  that  due  to  the  different  actions  of  the 
different  parts  of  the  bar  in  the  vertical  and  horizontal  positions.  If  the  wh<»le  mag- 
netism were  accumulated  in  one  point  at  the  acting  end  of  the  bar,  this  source  of 
errmr  would  not  hane  existed ;  but  as  the  magnetism  is  distributed  over  the  whole 
length,  that  part  whose  action  is  equal  on  both  ends  of  the  suspended  magnet  when 
the  bar  is  in  the  vertical  position,  becomes  prcatr r  on  one  end  of  the  magnet  than 
the  other  when  the  bar  ia  in  the  horizuntai  pusiUun.  It  was  probably  for  this  rea- 
son that  Dr.  Lloyd's  method  has  never  been  put  into  practice. 

Last  year,  while  observing  with  Dr.  Laraont's  theodolite  magnetometer,  Mr.  Broun 
employed  a  method  for  the  dfttTniinntion  of  the  absolute  magnetic  inclination,  to 
which  it  is  believed  there  can  be  nu  ubjccliuu  m  low  luugnetic  latitudes,  and  which, 
with  the  modMcations  proposed,  may  probably  be  used  in  all  latitndea. 

In  Dr.  Lamont's  ap|)aratu8  the  variations  of  magnetic  dip  from  place  to  place  are 
determined  by  means  of  two  soft  iron  bars  clamped  to  a  horizontal  ling,  the  ring 
surrounding  a  freely  suspended  magnet,  one  bar  verticallv  above  the  ring,  the  other 
vertically  below  it.  By  a  series  of  observations  of  the  deflections  prodvced  by  the 
bars  in  different  positions,  invertrr]  and  exrhanr:^rd  from  side  to  side,  the  effector  per- 
manent magnetism  is  eliminated,  and  the  deflection  due  to  the  earth's  force  is 
obtained  \  the  sine  of  this  angle,  multiplied  by  a  constant,  gives  the  dip  fur  each  place; 
tiie  constant,  however,  requires  the  aid  of  the  usual  dip  apparatus  for  its  determina- 
tion. Tt  is  rvidrnt,  however,  that  if  we  can  incline  the  bars  movin^x  in  the  |)lanr  of 
the  magnetic  meridian  till  the  observed  deflection  be  zero  (should  there  be  no  ptr- 
mAnent  magnetism),  and  observe  the  angle  through  which  the  bars  have  been  moved 
firom  the  vertical,  this  angle  will  evidently  be  that  of  nsagnetic  inclination,  for 
the  bar  will  have  been  moved  into  the  direction  at  right  angles  to  that  of  the  total 
force.  This  method,  as  thus  stated,  requires  the  determination  of  the  vertical  posi* 
tion  of  the  bars ;  and  it  is  supposed  that  there  is  no  perraaoent  magnetism  :  as  far  as 
the  latter  supposition  is  concerned,  the  error  is  eliminated  by  reversing  the  bars ;  ia 
orfler  tt)  render  the  determination  of  the  vertical  position  unnecessary,  it  is  only  re- 

autred  to  observe  the  angular  inclination  of  the  bars,  which  (for  each  position) 
Iminishse  the  d^Bectbn  by  an  amount  equal  to  tiie  mean  deflection  previously  ob* 
tatned.  It  will  be  observed  that  for  low  latitudes,  where  the  bars  are  moved  little 
from  the  vertical,  the  objection  applying  to  Dr.  Lloyd'a  method  exists  to  so  smatt  n 
degree  as  to  be  negligible. 

Ihia  mediod,  whidi  Mr.  Broun  employed  in  India,  is,  however,  liable  to  error  in 
hld^  magnetic  latitudes  ;  and  the  following  is  proposed  Ibr  use  in  all  positions.  A 
small  magnet,  2  inches  long,  is  suspended  by  a  silk  fibre  as  with  the  usual  declination 
magnet;  a  small  mirror  attached  to  the  magnet  allows  the  determination  of  the 
magnetic  meridian  by  means  of  a  telescope  having  a  prism  near  the  wire  at  the  eye- 
piece, as  in  Dr.  Lamont's  apparatus*  When  tfie  wire  coincides  with  its  image  re- 
flected by  the  mirror  (no  disturbing  cause  being  near),  the  magnet  is  in  the  magnetic 
meridian.  A  vertical  circle  in  the  magnetic  mendiao  parallel  to  the  magnet,  and 
3  inches  distant,  centre  to  centre,  lias  a  soft  iron  bar  dmnped  to  the  alidade,  so  that 
the  acting  pole  of  the  bar  is  opposite  the  centre  of  the  circle  and  the  middle  of  tiie 
magnet.  The  reading  of  the  circle  is  first  obtained  for  the  bar  vertical :  the  ver- 
tical ity  of  the  axis  of  the  bar  may  be  detcrmiaed  in  ditfercnt  manners ;  the  beet* 
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perhaps,  is  to  have  the  b«r  hollow*  ami  to  employ  reflexion  of  a  croes 
surface  of  mercury.  The  bar  is  then  moved  in  the  magnetic  merUto  from  the  ver- 
tical position  till  the  deflection  of  the  magnet  is  zero;  if  the  pcminnent  ma^riietism 
acts  with  the  induced  magnetism,  the  movement  of  the  bar  will  he  greater  than  the 
inclination  by  a  given  angle;  in  turning  die  bar  in  the  opposite  direction  (so  as  to 
invert  it),  the  angle  from  the  vertical  will  be  lew  by  the  same  amoont. 

Since  in  the  position  at  right  ntitrles  to  the  magnetic  force  the  induced  magnetism 
is  zero»  the  objection  applying  to  Dr.  I4oyd's  meUiod  does  not  exist ;  there  is,  how- 
ever, atill  m  Msice  €f  emor  raraning  that  applies  to  boib  i  w  Hw  magnetic  iodiBA- 
tion  incraMan»  til*  poaition  at  right  ai^ee  to  the  force  caa  only  be  attained  noviag 
the  bar  nearer  and  nearer  to  the  horizontal,  and  as  it  approaches  the  horizontal,  a 
certain  amount  of  magnetism  is  luduced  in  the  bar  by  the  small  sotpended  magnet. 
Different  metbods  have  been  inu^ncd  bj  the  nnthor  to  destroy  or  bninnee  tiiU 
action;  but  the  best  method  he  thinks  will  be  to  make  observations  vrith  the  bar  at 
two  different  cri^tanc^<«.  The  magnetism  induced  by  the  small  magnet  in  the  bar 
may  be  represtsuted  by  a  weak  magnet,  whose  force  will  vary  inversely  as  the  cube  of 
the  dbtnnoe:  u  ^  action  of  tbia  weak  magnet  will  alao  vary  inversely  at  tlie  cube 
of  the  distance,  the  cftct  mMj  be  determined  and  cUminafeed  by  obienwtioiM  at  two 
or  more  distances. 

Any  error  ot  the  observation  for  the  vertical  position  of  the  bar  due  to  the  non- 
comcraenoe  of  the  axis  of  magnetism  and  of  figure  may  be  eliminated  by  turning  tfaa 

bar  on  its  vertical  axis  of  figure  through  180^. 

The  author  remarked  that  the  error  due  to  the  inducing  action  of  the  small 
iuspcuded  magnet  might  be  rendered  as  small  as  wc  please,  by  employing  a  modi- 
fication of  the  method  used  by  him  in  India.   If  the  total  defiection  due  to  the  bar 

vertical  (direct  and  inverted)  be  determined,  and  we  then  observe  the  change  of  de- 
Hection  due  to  n  i:ivt  n  an  jular  movement  of  the  bar  from  the  vertirnl,  v.t  may  rom- 
puie  the  movcmcul  uect-:»i>ary  to  render  the  deilection  zero  :  the  auguiar  movement 
may  be  taken  of  such  magnitude  as  to  render  the  eflfect  of  the  inducing  action  negli- 
"gthfp.  This  modification  rrf{uire8,  however,  the  determination  of  the  angles  of 
dellertion,  and  therefore  is  far  from  the  simplicity  of  the  first  method.  The  author 
pointed  out,  that,  since  when  the  bar  is  at  right  angles  to  the  direction  of  the  total 
force  any  small  movement  of  the  bar  will  produce  induced  magnetism  in  proportion 
to  the  siiif  of  the  small  angle  of  movement,  this  position  is  that  best  firted  to  give 
the  true  position  of  the  magnetic  meridian  with  the  least  error  of  incUnatton. 

The  author  concluded  by  stating  that  he  had  learned  since  his  return  to  Europe 
that  Dr.  Lamont  had  also  proposed  a  method  differing  from  that  of  Dr.  Lloyd.  Dr. 
Lament  employed  an  astatic  needle,  and  turned  the  bars  into  different  azimuths  by 
movement  on  a  vertical  axie,  so  as  to  produce  different  amounts  of  induced  mi^net- 
ism  without  changing  the  position  of  the  bars  relatively  to  die  vertical.  Ihis 
method.  Dr.  Lamont  informed  the  author*  had  failed  on  account  of  the  bars  receiving 
different  amounts  of  ]>ermancnt  magnetism  in  rimnging  from  azimuth  to  azimuth. 
This  difficulty  does  not  exist  in  Mr.  Broun's  method,  as  the  bar  is  always  kept  in  the 
meridian,  and  ia  always  brought  to  the  position  where  the  inducing  actioa  is  zero. 


On  Magnetie  Rodks  m  SouA  IfuUa,  By  John  Allan  Broum»  FJtJS. 

The  Moocoonoomalley  is  a  granite  hill  rising  about  800  feet  above  the  sea,  5  miles 

south-east  uf  Trevaiidrum,  and  about  35  miles  north-west  of  Cape  Comorin.  General 
Cullen,  the  late  British  Minister  at  Tnivanore,  had  <)l)served  several  anomalies  in  the 
magnetic  dip  in  ascending  this  hill,  i  iic  dip  near  Trevaiidrum  and  about  the  base 
of  the  hill  was  from  2°  30'  to  9P  40^  S. ;  on  the  top  he  found  the  dip  to  be  from 
5^  52  to  1 P  23'  in  difierent  years,  in  which  he  probably  slightiy  varisd  the  poution 
of  observation. 

In  December  1855  I  examined  tlie  rock  masses  constituting  the  hill.  The  plain 
around  the  base  is  formed  of  a  stratified  rock  known  to  Indian  gcolo^sts  by  the 

name  of  laterite.  The  first  rocks  in  the  ascent  arc  dark  syenites,  containing  a  con- 
siderable proportion  of  hornblende  (in  some  cases  the  a|)pearance  is  more  like  a 
greenstone)  ;  tuwards  the  middle  of  the  ascent  light-grey  syenites  become  cuuimuu. 
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tad  ift  the  top  the  racks  an  pegowtites  or  gruiites.  I  fint  tnunfaied  a  inull  A«g- 

meat  of  the  rock  presented  to  me  by  Gienerai  Cullen,  of  a  greyish-red  tint,  composed 
chiefly  of  felspar  and  quartz  with  particles  of  magnetic  iron  ore  disseminated  ;  these 
particles  were  of  about  to  inch  in  diameter,  and  without  aoy  regular  form  or 
•mooUi  4ee  (as  far  as  my  examinatioo  went),  wImd  a  niagoet  was  presented  to  on# 
of  these  particlea,  detached  from  the  specimen,  it  showed  its  polarity  by  turablinf; 
over,  if  the  homonvmon??  pole  was  at  first  nearest  the  maL^tiL't.  'i'he  specimen 
alluded  to  was  about  5  mchea  ^onjg,  2^  luches  bruad,  aud  if  inch  thick,  tapering 
and  tiiinning  off  to  one  end  (A).  On  preaentiog  the  diflRmnt«sti«iiiitiss  to  a  freely 
suspended  magnet  (the  declination  nagnst  Of  ths  Trmndnun  Observatofy)«  tbs 


foUowiog  results  were  obtained  ;— 

Se,  div. 

Specimen  away.  DsdiiutioD  leading   0*00 

EndApmentsd   -1*61 

M  B     ,  +2-13 

SideC     „    -1-17 

.»  D   »   -i-o-ra 


where  the  negative  sign  signifies  repulsion  of  the  north  end  of  the  magnet,  and 
the  positive  sign  atttamn  oif  the  tame  pole.  The  changes  of  magnet  decttnstkm 
occoniog  during  the  experiments  were  observed  by  another  instrament,  aod  have 
been  subducted.  As  the  line  of  the  magnetic  axis  of  the  specimen  was  evidently 
towards  tlie  direction  of  its  greatest  length,  the  nurthcra  end  being  towards  A  and 
it  was  dcflirMl  to  determine  whether  Uie  oame  relation  woald  JioM  trae  for  anj 
fragment ;  for  this  parpose,  two  ends  of  the  specimen  were  knocked  off,  leaving  a 
fragment  in  the  middle  with  a  distance  of  a  (towards  A)  to  h  (towards  B)  of  nearly 
3  inches,  while  the  breadth  from  C  to  D  was  nearly  3  inches ;  so  that  the  longest 
dimension  was  now  nearly  at  right  angles  to  that  of  the  whole  specimen.  Thit  ceor 
tral  fragment  being  placed  at  the  same  distance  from  the  SttSpOlded  magOitaSUI  tho 
previous  experiment,  the  following  were  the  results : — 


Sc.  div. 

IVagment  away*  Dedinatioo  reading   0*00 

End  a  pre«isntcd   -079 

„  b       „    -I-1-31 

SideC     „   -0*57 

«  D    „     4.fH 


The  ends  and  sides  show  the  same  polarities  as  in  the  whole  specimen,  but  with 
the  north  end  of  the  magnetic  axis  tamed  more  to  the  side  D,  for  which  the  deflec* 
tion  has  iocnased*  Upon  presenting  the  smaU  fragmnit  CQnstitnting  the  end  A  of 


the  specimea*  the  reeolts  were  as  follows 

Sc.  div. 

Aagment  away.  Dedinatibn  reading.  •  •   0*00 

End  A  preaented.  -0-36 

„    +0-36 

SideC     „   +014? 

«  D     „   +0'14 


Here  it  will  he  observed  that  the  broken  fragments  of  the  specimen  acted  exnctly  as 
the  broken  parts  of  a  magnet ;  thus  the  end  a  in  the  central  fragment  gave  a  repul- 
sive eflect  of  0*79  scale  dtvitions,  while  the  end  o',  the  opposite  foce  of  the  fractal?, 
gave  an  attractive  action  of  0*36. 

Several  questions  of  interest  presented  themselves  in  connexion  with  these  rocks. 
Whether  the  bill  as  a  whole  would  give  results  similar  to  those  obtained  from  this 
specimen?  Whether  the  lines  of  magnetic  force  in  it  had  any  relation  to  the  lines 
of  crystallization,  or  to  those  of  the  earth's  poles?  Whether  any  particular  direction 
was  most  favoured  i  or  whether  the  magnetic  axes  vary  from  spot  to  spot,  and  the 
magucticuies,  possessing  their  present  magnetism  when  tossed  up  in  the  liquid  mass, 
had  their  poi^tions  detmnined  by  chance  ? 

On  the  1 1th  of  DecembsTj  13&5. 1  visited  theliill,  making  oheervattoos  with  a  d-inch 
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dip^circle  by  Robinaoa ;  the  foUowfaig  diftnotiai  rwnlli  mm  obtained  iridiMl 
lemiiiig  the  poles  of  needle 


lOth  December,  1855«  6"  A,u,           Base  of  hill   2  0 

fTop  of  hill.  Circle  4^  feet  above  rock  x\  3  34 

fii^tolOAii    J       "        Circle  i  foot         „  I  « 

8  to  10  A.M.  <       ^         Circle  41  feet                B  I  30 

I  Circle  ^  foot  14  5 

Noon.              Base  of  hill  over  liuierite   1  SO 

4*  F.M.           IVevandnun  Obeenmtory   1 S5 


The  bearing  of  the  Trevandrum  Observatory  was  observcU  approximaleiy  by  a 
Iiend  eompeM  at  the  stntrans  A  end  B.  At  4|  feet  above  the  rock  the  error  was  soiall ; 
but  when  placed  on  the  rock  A,  the  dediuation  was  found  10°  west,  while  on  B 
(9  feet  W^.  W.  of  A)  it  was  ZiP  east,  the  troe  decUoation  over  latente  being  aboat 

east. 

The  pegmatite  and  granite  on  tiie  top  of  the  bill  eeemed  to  form  kinds  of  dykct 
running  parallel  to  eadi  other  nearly  north  and  south,  and  crossed  by  lines  nearly  at 

right  angles  to  th«'  ilirertion,  so  as  to  form  large  blocks,  between  which  the  decaying 
rock  has  allowed  the  accumulation  of  soil  to  some  depth.  Blocks  of  about  9  iocb^ 
diameter  were  cat  oat  of  the  rock  at  A  and  B,  having  previoasly  marked  the  diiec> 
tion  of  the  true  north  and  south  upon  the  upper  surface,  which  was  nearly  horizontal. 
With  these  specimens  I  made  the  following  observations.  A  specimen  was  |»!aced 
with  Us  centre  at  about  2  feet  Irom  the  centre  of  the  freely  suspended  magnet,  and 
in  the  line  at  right  angles  to  the  direction  of  the  magnet ;  m  points  of  the  compaat 
marked  on  the  ujjpcr  surface,  when  the  specimen  was  in  »Uu.  were  successively  prc- 
senfm]  to  the  centre  of  the  magnet,  and  the  scale  readings  of  the  in^itruriieut  wefC 
observed.  The  direction  of  the  plane  of  greatest  iorce  bcm^  louad,  the  specimen  was 
inclined  at  dilTerent  angles  to  tne  borizontal,  till  the  direction  of  tiie  line  of  greatest 
--,._|brce  was  determinf  d. 

Specimei4  A  :  elliptic  cylinder,  nxcs  9^  inches  and  8  inches,  average  height  about 
5  inches;  a  grauitc  containing  a  small  quantity  of  hornblende,  colour  reddish  grey; 
from  aboat  1  foot  west  of  the  position  A  for  the  dip  observation*  The  nnmbcit  foU 
lowing  nre  in  scale  divisions^  each  equal  16"  nearly 

deflection  •  •  •  •  ■ « • 

N.N.B.  „   

^}»£«  fp 

t$     •  •  

8.E*     pf  •••••••• 

S. 


+31-4 

S»  deflection  •  •  •  • « •  • 

-17*8 

+  191 

-17'3 

+  15-3 

-15-3 

-I-  0-8 

-  2-3 

•f  14-5 

-15-4 

+  19-9 

-178 

4-31*4 

The  direction  of  the  plane  containing  tiie  magnetic  aiis  is  in  this  esse  nearly 

north  and  south.  On  misinp;  the  pcjint  S.  presented  to  the  magnet,  it  was  fbuntJ 
that  the  north  end  of  the  magnetic  axis  dipped  from  !0°  to  HP  hclow  the  south 
horizon ;  the  exact  position  could  not  be  determined,  from  the  diihcuity  ul  keeping  the 
centre  <^  the  specimen  always  at  the  same  dtstance  from  the  magnet.  The  result 
agrees  with  the  fact  that  the  clip  obscrA-cd  on  A  was  iliniiiuShcil  ?ince  the  rnck  mag- 
net having  here  its  sooth  end  uppermosty  would  necessarily  attract  the  north  end  of 
the  dipping  needle. 

Specmien  B:  cylinder  10  inches  diameter,  9  inches  deep ;  upper  surface  red  snd 

weathered,  interior  bluish  grey;  rnntains  bc-sidrs  tlu;  bluish  felspar  and  t|uart7  n 
lar^e  qti entity  of  hornblende.  The  observations  for  £  were  made  only  for  the  north 
end  of  the  axis. 

NJN.W.  deflection   -36*4 

N.  ^    -38-8 

N.  byE.      .,    -44  0 

N.N.E.       „    -42-4 

N.E.  „   -96*0 
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The  north  end  of  the  magnetic  axis  was  here  evidently  nearly  in  the  direction 
N.  by  K.  ^  E.  Upon  raising  this  point  of  the  stone,  presented  to  the  centre  of  the 
magnet,  the  de;flectioa  dimtnished ;  on  lowering  it,  the  deflection  increased  to  10^ ;  so 
that  the  norfh  end  of  tbe  aiw  here  indined  lOP  aboro  the  horizon  to  N.  by  B.  |  B, 

Tliis  result  also  agrees  with  the  increase  of  dip  found  at  B. 

In  n  third  specimen  examined,  which  was  weakly  magnetic,  the  north  endof  the 
axis  made  an  angle  of  bir*  abuve  the  N.  W.  by  VS  .  pumt  oi  the  horuon. 

Prom  theie  resttiti  it  is  evident  that  tiioni^  the  direction  of  the  magnetic  axia 
may  not  vary  much  in  small  specimens,  it  dues  so  in  parts  of  the  rock  separated  by 
a  few  feet  only  from  each  other;  and  it  appears  probable  that  it  may  be  considerable 
for  smaller  distances  than  those  under  expenuient.  Neither  do  tlie  directions  o(  Lhe 
axis  seem  to  have  any  relation  to  the  Uaea  of  crystallizatioa. 

Another  question  was  cxnrnint  tl  bv  mp,  nam(  ly.  whether  the  magnetic  intensity'  of 
the  rock  varied  with  the  temperature,  l-or  tins  (juestion  I  chose  a  specimen  of 
about  0  inches  long  by  4  broad  and  3  thick,  t&keu  from  near  the  middle  of  the  ascent 
of  the  hill.  The  obaenrations  were  made  in  the  same  manner  aa  for  the  temperature 
coefficient  of  a  magnet.  The  specimen  was  placed  in  a  wooden  trough ,  into  which 
water  of  different  temperatures  was  poured  :  the  deflections  of  the  declination  mag- 
net by  the  specimen  at  different  temperatures  were  noted ;  the  variations  of  decUna* 
tion  daring  the  experiments  were  eliminated  by  meana  of  another  inetmment*  The 
fesolta  are  contained  in  the  following  Table :— 


Trevandriira 
Mean  Time. 

Temperature 
u(  stoue,  I'dUr. 

Scale  reading 
corrected  for 
decUuation. 

Change  of 
Temperature. 

C!»ange  of 
^i(-ule  reading. 

h  m 

Dec.  20.   19  30 
53 
20  13 
37 
62 

Stone  away 
67'=' 
155 
70 

Stone  away 

Scdiv. 
81-67 
13977 

138-  70 

139-  70 
81*82 

+88'* 
-80 

-i-or 

+1*00 

The  result  is  that  the  magnetic  rock,  like  a  steel  magnet,  loses  force  by  an  increase 
of  temperatnre  s  and,  oaing  the  notation  employed  for  eted  magnets,  the  temperatnre 
co^oent  ia  approtimately 

9=0-000214, 

nearly  the  value  obtained  for  steel  magnets  used  in  the  British  and  Colonial  Obscr- 
vatones. 

The  following  ntiay  be  oonaidered  as  the  condoeions  at  whidi  I  have  arrived  t— 

Ist.  The  rock  frRgnient^  have  determinate  magnetic  axc^. 

2nd.  Broken  fragments  resemble  broken  magnets,  showing  opposite  polarities  at 
tbe  two  surfaces  of  fnutore. 

Srd.  The  magnetic  axis  varies  from  place  to  place  within  snmll  distances. 

1th.  The  action  of  the  whole  hilt  on  magnot-^  froely  suspended  at  mfxferate  di- 
stances is  nearly  imperceptible ;  tbe  opposite  directions  of  the  magnetic  axis  m  the 
rocks  remtering  the  total  action  ntarly  aero. 

6th.  As  in  some  cases  the  north  end  of  the  magnetic  axis  was  found  to  the  south- 
warfl  (as  with  specimen  B),  we  cannot  suppose  that  the  mai^nctism  of  the  small 
magnets  has  been  due  to  the  inducing  action  oi  the  earth  in  their  present  position  or 
since  the  rock  oMsa  became  solid. 

6Ui.  The  directions  of  the  magnetie  axis  have  no  relation  to  the  lines  of  divisiOD 
of  the  rock  masses. 

7th.  The  magnetic  force  of  the  rock  masses  varies  with  temperature  like  that  of 
ttsel  HMgnets.  _____ 

On  a  Magnetic  Survey  qfdkg  Wut  Coast  of  India, 
By  John  Allan  Broun,  P,R,S. 

This  sorvey  was  nndertsken  at  the  expense  of  His  Highness  tlw  imah  of  Tmranr 
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core,  forthe  porpose*  in  the  first  instance,  of  determining  the  exact  position  of  the  mag- 
netic equator  (which  puMS  through  hia  territory)  and  the  variationa  of  intensitf  about 
the  line  of  no  iodioation.  Thit  part  of  the  survey  was  performed  with  considerable 
cure,  stations  being  chosen  along  the  line  of  coast,  at  diatanoM  of  ftOB  10  to  15  milct» 
generally  far  from  the  chain  of  the  Ghats,  and  in  a  flat  country,  covered  in  many 

8 laces  by  backwaters  or  lagoons.  The  iustniment  enijihjyed  was  the  excellent  tbeo> 
ofite  magnetonwtor  of  Dr.  Lunoot.  The  nralta  were,  that  the  magnetic  south  in- 
clination, instead  of  diminishing  regularly  from  CapA  Oomoffin  northwards  to  the  line 
of  no  dip,  fliminished  through  a  Space  of  30  miles,  increased  through  a  similar  space, 
and  again  diminished  in  the  moat  capricious  manner.  The  same  irregularities  were 
obeemd  north  of  the  cathnated  poaition  of  the  eqoator.  Some  irregitlaritiee  had 
been  thready  observed  by  Mr.  Caldecott,  Mr.  Taylor,  and  General  Cullen ;  but  the 
aathor  had  confirmed  hi?  results  by  oJiservations  at  many  different  stations,  and  had 
come  to  the  condoaion  that  a  belt  of  disturbance  for  this  element  existed  near  the 
line  of  no  dip*  Tliis  diitnrbnnce  eonid  not  be  attribated  to  the  infloence  at  bUb  or 
of  rocks,  as  no  ground  of  greater  elevation  than  30  to  40  feet  etisted  iritldn  several 
miles  of  those  stations  showing  the  greatest  irregii  Inn  ties,  no  rocks  were  rracbed  bv 
borings  of  30  to  50  feet  deep,  and  none  appeared  upon  the  surface  above  the  sandy 
soil  near  these  stitione. 

The  survey  was  extended  by  the  author  on  his  way  to  Europe  by  observations  at 
stations  further  north  than  those  in  Travancore,  as  Kodiingalur,  Kaliknt.  Mangalur, 
Goa,  Ratnaghern,  iiombay,  and  Aden.  From  this  aod  the  first  part  of  the  survey, 
the  airthor  foond  that  the  horizontal  intensity  was  nearly  the  same  from  Cape 
Comorinto  Bombay,  showing,  as  the  author  conceived,  that  the  Hnca  of  eqoal  inten- 
sity followed  (somewhat  like  the  isothermal  lines)  the  line  of  the  Indian  coast.  This 
result  agrees  witii  that  obtained  by  the  Messrs.  von  Scblagintweit,  whose  previous 
obeenrations  indicate  a  great  bend  of  the  isodynamic  lines  ftom  the  Himalayas  and 
towards  Cape  (^omorin.  The  whole  question,  the  author  conceived,  required  careful 
examination  by  means  of  obser^'attnn'?  at  more  numerous  stations,  as  the  theorv'  of 
the  caubeii  of  the  earth's  magneuc  iu tensity,  and  the  axrangemeot  ot  the  magnetic 
lines,  were  evidently  involved  in  resnits  wlucli  differed  so  moch  from  what  bad  been 
found  elsewhere,  especially  from  the  re-ults  obtained  by  Dr.  Lamont  from  hkudmi- 
Fable  magnetic  survey  of  the  greater  part  of  the  European  Continent. 


On  the  Velocity  of  Earthquake  Shocks  in  the  LaieriU  tf  India, 
By  John  Allan  Bkoun»  FMmS^  (See  Gbologt.) 


On  a  Mode  cfeomeHfip  the  Erron  if  At  Qmmatg  in,  Iron  Ships, 
By  A.  Clakkb,  New  Smdk  Wakt. 


On  Eiecirical  I^orce.    By  Sir  W.  Snow  Harkis,  F.B.S, 

The  author  adverted  to  the  assumed  existence  in  nature  of  an  electric  duid  or 
fluids,  an  idea  entertaiued  by  philosophers  from  the  earliest  periods  of  the  history  of 
electricity.  Many  thought  il  at  all  bodies  expire  or  inhale  this  fluid.  In  modern 
times  less  ambiguous  views  have  been  resorted  to,  and  the  doctrine  of  an  electric 
fluid  or  fluids  has  been  employed  principally  as  aiding  to  link  the  phenomena  ioto 
an  intelligible  and  connected  chain.  The  author  thinks  the  time  is  fast  approaching 
when  it  may  be  found  desirable  to  abandon  all  idea  of  ult  ctrical  fluids  as  the  agency 
concerned  in  the  developmeot  of  electrical  force,  and  treat  this  species  of  forre  as 
Newton  did  gravity,  without  any  care  as  to  its  occult  quality.  For  oitliough  it  may 
be  convenient  and  perhaps  useful  to  employ  analc^cal  expressions  in  interpreting 
the  phenomena  and  to  facilitate  description,  as  when  we  speak  of  the  quantity  of 
electric  matter,  of  its  tension,  density,  or  thickness  of  stratum,  &c.,  yet  it  must 
ever  be  remembered  tliat,  in  using  this  figurative  language,  it  is  force  and  the  laws 
of  force  with  which  we  are  dealing,  and  not  with  electrical  flaids  or  other  nasump* 
tions  as  to  its  occult  nature  or  quality. 
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The  author  proceeded  to  say  that  the  foundation  of  ail  exact  scienn  is  miinber, 
weight,  and  measure ;  and  diat,  at  obaerred  by  an  eminent  writer,  no  branch  of  phy- 
sical knowledge  could  be  held  as  being  out  of  its  infancy  which  did  not  in  some  way 

or  the  other  fraine  it'^  tTionry,  or  correct  itfl  practice  with  reference  to  these  elements. 
He  here  described  and  explained  the  nature  of  a  series  of  very  beautiful  instruments, 
by  which  the  qaanttty  of  the  dectrical  agency,  its  attractive  force,  its  explosive 
power,  and  the  effects  produced,  coald  l>e  scencately  measured.  Having  thus  en* 
deavoured  to  bring  the  unknown  agencv  we  ter»n  electricity  under  the  dorninion  of 
number,  weight,  and  measure,  the  leading  characteristics  of  electricity  as  a  force 
were  next  brought  ander  eonsidefttion.  And  first,  we  observe  ele^cal  power 
exhibits  itself  under  two  forms,  usaally  termed  vitreous  and  r^iioous  electricity,  or 
positive  and  negative  eler!  ririty.  These  have  been  usually  consiflered  as  arising 
out  of  two  distinct  and  separate  Huids,  or  of  a  single  elemental  y  tiuid  in  a  greater  or 
less  state  of  condensation.  They  are,  however,  one  and  the  same  force,  and  have 
the  same  relation  to  each  other  as  the  forces  of  compression  and  extension  in  the 
case  of  a  bent  bow  or  spring.  We  cannot  have  one  without  the  other;  and  as  in 
the  latter  instance  we  should  geun  but  iitile  by  assuming  the  existence  of  elastic 
fluid  or  llnids  as  the  source  of  dastidtyp  so  in  the  case  of  deetrical  force  ure  nay  as 
well  took  at  once  upon  positive  and  neg^ve  electridty  as  elementary  Acts  of  wbidi 
we  have  no  adequate  explRnntion. 

Secondly,  we  observe  that  whatever  be  the  nature  of  electricity  as  a  physical 
agency,  it  cannot  exert  itself  equally  in  all  directions  at  the  same  moment.  In  tiie 
case  of  gravity,  the  sun  does  not  attract  tlie  earth  with  less  force  because  it  is 
exerting  its  gravitating  power  on  the  other  planets.  Such  is  not  the  case  in  the 
development  of  electrical  force.  The  author  here  introduced  a  striking  experiment 
in  illustration  of  this ;  showing  that  a  delicate  eleetroscope,  attracted  toward  an 
electrified  circular  plate  placed  vprtical'v,  become  less  forcibly  drawn  toward  the 
plate  from  a  distance  when  a  second  body  was  brought  to  share  in  the  action.  This 
is  the  result  of  a  third  characteristic  of  electrical  force,  termed  electrical  induction 
or  influence,  the  laws  and  operation  of  which  were  now  farther  explained  and  illus- 
trated. It  is  solely  upon  this  sperirs  of  electricnl  action,  apparently  of  a  sympa- 
thetic kind,  operating  at  a  distance,  probably  by  propagation  through  the  intervening 
medium,  that  electrical  attractive  force  altogether  depends:  without  it  no  exertion 
of  power  is  posuble.  In  electrical  force  bodies  are  first  rendered  attractable  before 
they  become  attracted,  and  for  the  rpsrnlnr  and  full  exertion  of  the  attraction,  both 
the  bodies  must  be  susceptible  of  unlimited  electrical  change.  When  this  is  the  case 
the  development  of  force  is  easily  traced ;  and  the  force  vnll  be  feniid  to  vary  as  the 
square  of  the  quantity  of  electricity  in  operation  directly,  and  as  the  squares  of  the 
distances  inversely  ;  of  thh  some  striking  and  rcry  interesting  experimental  illustra- 
tions were  given  Uirough  the  instrumentality  of  the  electrical  balance,  delicately  set 
up  with  complete  means  of  adjustment  for  dbtuee  and  force;  and  it  was  with  re- 
marlutble  precision  the  beam  descended  when  under  the  influence  of  two  attracting 
stirfare** ;  the  quantity  of  electricity  and  the  weights  being  given,  the  force  of  in- 
duction, upon  which  the  resulting  torce  depends,  varies  in  the  simple  inverse  ratio  of 
tiw  distance  between  Uie  attracting  surfaces,  and  depends,  first,  upon  ths  direct  in* 
flnenee  of  tiie  electrified  surfaces,  secondly,  upon  a  reflected  induction  thrown  back 
upOB  the  excited  body.  The  total  force  is  in  a  compound  ratio  of  these  forces,  and 
it  is  in  this  way  we  obtain  a  force  in  the  inverse  duplicate  ratio  of  the  distances.  If 
from  any  cause  either  or  both  of  ttie  previous  elementary  actioas  bs  interfered  with, 
then  we  have  no  longer  this  law  ;  so  that  any  law  of  electrical  force  is  possible,  as 
found  in  the  experiments  of  many  eminent  philosophers  of  past  days — ^Tuschenbroek, 
Brook,  i  aylor,  Whiston,  Martin,  and  others,  iiie  author  thinks  tkat  the  results  of 
the  experiments  of  these  eminent  men  have  been  called  unjustly  in  question ;  every 
result  they  arrived  at  is  producible  by  careful  manipulation. 

The  author  now  brot];£rht  under  consideration  the  question  of  eU'ctricai  i'urre  be- 
tweea  spheres,  one  charged  with  electricity,  the  other  neutral  and  lu  a  irec  state. 
This  question  had  been  often  elsborately  treated,  and  had  been  hitherto  considered 
a  physico-mathematicnl  question  nf  great  intricacy.  An  analysis  of  the  olrmcntB  of 
this  question  was  here  entered  upon.  Upon  the  proved  facts  that  the  force  vari^ 
with  the  quantity  of  electricity  and  is  in  the  duplicate  inverse  ratio  of  the  distance. 
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two  poiDts  may  be  fonnd  within  the  opposed  hemispheres  in  which  we  may  con- 
ceive the  whole  force  to  be  collected,  and  to  be  the  tame  as  if  proceeding  from  every 
point  of  the  opposed  herni^iphcrps.  These  points  approach  the  surface,  and  become 
the  touching  poiots  when  the  spheres  touch ;  as  the  spheres  separate  they  approach 
tfie  ceotre,  and  icadi  the  centre  when  flie  dtetance  ia  infimte.  If  we  cul  a  ttc 
dialance  b^ween  tiie  point*  of  contact  and  rsihe  radina  of  aphere,  vre  havi^ 

pnttbg  Fstfae  total  attractive  force,  F  m  — - — -  ;  and  calling  the  points  of  centie 

*^      ^  a(o+2r)  ^  ' 

of  force  =9  9',  we  have  distance  99'sthe  tangent  from  ekiicr  of  the  touching  points 
to  the  opposite  aphere }  or  if  distance  q^ssD,  we  have  F«        «  ^* 

Several  very  remarkable  experiments  were  now  adduced  in  evidence  of  the  truth  of 
these  formulae.  Spheres  of  variable  diameters  were  put  in  opposition  in  the  balance, 
the  quantity  of  electricity  measured,  and  weights  placed  in  the  scale-pao»  as  deter- 
mined hy  calcolation ;  ue  distances  being  regalatcd  aooordingly.  tM  acak  bean 
bowed  in  obedience  to  the  given  law  of  force  with  estieme and  wonderibl  exactitttde: 
the  experiments  elicited  much  commendation. 

The  author  thinks  tliat  every  observed  operation  of  electricai  action  t»  reducible 
to  simple  and  elementary  laws  free  of  complication,  and  may  be  investigated  and  ex- 
prcsFcd  by  an  easy  mathematical  analysis  and  forms  of  expression.  lie  thiuke  that 
ail  the  laws  of  nature  are  of  the  most  simple  kind,  and  only  involve  a  simple  rela- 
tion of  cause  and  effect ;  if  we  double  the  cause  we  double  the  etiect.  To  suppose 
an  effect  to  be  as  the  square  or  enlie  of  its  cause,  is  to  suppose  the  effect  to  depend 
partly  on  the  cause  and  partly  on  nothing.  There  is  probably,  taken  as  a  simple 
elementary  law,  uo  such  a  law  in  nature  as  that  of  a  force  beini;  m  the  inverse 
duplicate  ratio  of  the  distance.  Take,  for  example,  the  case  of  gravity'  as  central 
force,  and  assumed  to  be  a  species  <tf  emanation  from  a  centre,  it  is  true  that 
at  twice  the  distance  we  have  only  ooe>fourth  the  force ;  but  this  is  because  the  area? 
of  the  concave  spherical  surfaces,  which  we  may  imagine  the  emanation  to  fall  upon 
at  these  distances,  are  to  each  other  as  1 : 4  ;  so  that  in  any  one  point  of  the  OQter 
aphere  there  is  only  one-fourth  the  agency  upon  which  the  force  depends,  coose* 
quently  only  one  fourth  the  attraction:  but  this  is  a  simple  relation  of  cause  and 
^ect.  Taking  light  as  an  emanation  from  a  centre,  the  same  result  ensues,  if 
there  be  only  one-foorth  the  quantity  of  the  eoHUiatlon  in  any  point,  we  can  only 
have  one-fourth  the  light,  and  thua  bght  or  gravity  nay  be  said  to  be  in  the  Inverse 
daplicate  ratio  of  the  distance.   


On  the  different  Motions  of  Ekctric  Fluid.    By  tlie  Rev.  T.  IIankim. 

The  author,  from  several  very  strikinn;  and  vividlv-dcscrtb!  d  thunder  storms  and 
their  permanent  effects,  concludes  that  sometimes  the  electric  fluid  moves  downward* 
sometimes  upward,  and  soroetines  horizontally.  On  one  occasion,  some  years  sincsb 
about  two  o'clodt,  on  a  night  on  which  it  had  thundered  almost  incessantly,  a  loud 
whizzing  sound  was  heard  to  pass  over  the  rectory -house,  which  he  judged  to  bean 
aerolite ;  a  tree  in  the  direction  it  had  passed  was  struck ;  and  from  the  nature  of  the 
injury  inflicted,  the  concluaion  was  drawn  that  the  motion  of  either  the  aerolite  or 
of  tlw  electric  fluid  had  been  nearly  horiaimtal. 


On  the  Phenomena  of  Electrical  V^acuum  TubeSt  in  a  letter  to  Mr.  Gassiot. 
By  mfessor  W.  B.  Rogers,  SoiUm,  IKS. 

I  send  you,  by  my  brother,  a  printed  abstract  of  rennrin  made  some  months  sgo 
on  the  phenomena  of  the  vacuum  tubes*  and  a  hypothesis  as  to  iJie  condition  and 
Canse  of  the  stratifications. 

You  will  see  that,  with  the  aid  of  Mr.  Ritchie  and  our  skdful  photographer,  Mr. 
Black,  t  have  been  experimenting  on  the  actinism  of  Uiese  electrical  discharges. 

In  some  more  recent  trials  I  have  obtained  beautifnl  photographs  of  the  stratifies* 
tion,  of  which  1  send  you  a  specimen.  The  tube,  as  you  will  tee,  is  a  straight  on^  of 
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uniform  calibre.  It  is  about  15  inches  long,  by  j  inch  diameter,  and  it  marked 
by  Geissler  as  containing  nhos.  hydrogen.  As  you  have 
perhaps  observed,  it  gives  the  strata  with  extraordinary  di- 
stinctness ;  and  after  the  action  has  been  continued  a  little 
while,  the  strata  near  the  blank  end  anange  themselves  in 
pairs,  consisting  each  of  a  bluish  and  a  more  reddish  layer, 
separated  by  a  blank  interval  from  the  next,  as  seen  very 
plainly  in  the  photograph. 

By  a  steady,  rapid  motion  of  the  ratchet-wheel  of  Mr. 
Ritchie's  coil,  it  was  easy  to  keep  the  strata  almost  perfectly 
stationary.  The  picture  was  obtained  with  eighteen  turns  of 
the  wheel,  each  giving  twelve  sparks.  With  six  turns  a 
tolerably  clear  picture  was  secured. 

You  see  that  the  unilluminated  space  at  one  end  made  no 
impression,  and  that  the  intervals  between  the  strata  are  also 
as  devoid  of  actinic  as  they  are  of  luminous  rays. 


'  SJf  o 


The  picture  of  the  winding  tube,  with  bulbs,  shows  how 
»ttj}erior  is  the  actinism  of  the  faint  blue  light  of  the  negative 
end  compared  with  the  brighter  and  less  refrangible  rays  of 
the  opposite  bulb. 

The  third  photograph  was 
produced  by  the  two  slender 
Geissler  tubes,  containing  re- 
spectively N  and  C  O.^.  The 
former  was  placed  below  the 
latter  as  they  were  presented 
before  the  camera,  and  the 
current  was  sent  through  them 
in  succession.  To  the  eye  the 
intense  whitest  light  of  the 

CO,  tube  was  more  dazzling  than  the  crimson  colour- 
ing  of  the  other.  Yet  you  will  observe  the  picture 
made  l)y  the  latter  is  far  the  stronger  of  the  two,  as 
indeed  might  have  been  expected  from  its  more  re- 
frangible illumination. 

This  photograph  was  produced  with  half  a  turn  of 
the  wheel,  that  is,  six  successive  flashes  of  the  light. 
I  am  unable  to  state  the  aggregate  time  of  exposure  to 
the  rays,  as  I  have  not  yet  ascertained  the  duration  of 
a  flash.  This  I  hope,  v^ith  Mr.  Ritchie's  aid,  to  ac- 
complish at  an  early  day.  But  if  we  assume  the  time 
to  be  as  much  as  tenfold  the  duration  of  the  electric 
spark,  as  measured  by  Wheatstone,  we  should  have 

less  than  — —  th  of  a  second  for  the  entire  time  which 
20,000 

the  light  required  for  producing  this  intensely  clear  picture.  I  believe  that  a  single 
flash  would  suffice,  but  I  have  not  yet  made  the  trial. 
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CfeMmU  Abtbraet  ofOt  BBtuUt  rfUeam.  de  Sehlagintweit'B  MagmHe  Ar- 
vey  of  IndUh  urUk  tkm  CkalrU.  Bg  M.  H.  vow  Schlaoihtwbit. 

M.  Hemum  de  ScUa^piitwcit  jffm  a  feniral  wpoit  od  fStm  nnilte  obtaiatd 
doling  MM.  de  SclihigwtwMf*  magnetic  tnncy  of  India  and  High  Aua,  firom  18S4 

to  1857. 

He  presented  three  charts,  showing  the  lines  of  equal  declination,  dip,  and  inteo- 
aity,  from  Ceylon  vp  to  Ttirkiatta.  Abo  the  detatls  of  their  obso^ations  m  eoo- 
tained  in  the  first  volume  of  their  work.  '  Results  of  a  Scientific  Mission  to  Indis 
and  High  Asia/  undertaken  by  order  of  the  Hon.  East  India  Company,  was  laid 

upon  the  table. 

The  magnetic  results  were  preceded  by  a  eonunniklGation  of  those  totitndes  and 
longitudes,  particularly  to  the  Mitii  of  tile  Himalayaa*  whidi  were  either  new  as  to 

localities  or  found  to  differ  from  previous  determinations. 

For  the  construction  of  their  charts,  they  most  carefully  compared  also  the  previous 
ohaervationa ;  such  as,  for  the  intensity  in  Northern  India,  Taylor'a  and  Caldeeolf  i, 
and  particularly  those  recently  made  by  Mr.  Broun  ;  for  the  declination  along  die 
coaste,  the  determination  of  the  Indian  Navy;  but  Capt.  Elliot,  their  predecessor, 
having  died  before  he  could  extend  his  survey  from  the  lodiau  Archipelago  to  India, 
and  ue  only  detailed  obeervationa  in  the  onter  Himalaya  (General  Boileaa's,  at 
Simla)  being  destroyed  in  the  last  mutiny,  their  obsenrationa  must  be  considered  ss 
made  in  a  territory  novel  for  this  branch  of  science ;  and  a  great  part  of  them 
besides  made  under  circumstances  so  difficult,  that  unhappily  one  of  the  three 
bratheia  waa  killed  hi  TVirkiatin. 

The  following  results  are  particularly  to  be  mentioned  : — 

I.  Declination. — 1.  A  zone  of  too  little  easterly  declination,  of  considerable  ex> 
tent,  was  found  in  Assam.  2.  In  the  north-western  part  of  India  the  declination  wss 
found  to  vary  more  rapidly  than  in  the  aurroondiog  territories.  3.  In  the  rq;ioo  ef 
the  Kuerluen  the  declination  was  found  more  easterly  than  given  by  the  approximate 
form  of  the  isogonic  lines  as  provisionally  laid  down  till  now  for  these  regions. 

II.  TV />^.— This  was  found,  of  the  three  elements,  the  most  regular  in  its 
general  forma  t  though  local  deviationa  are  not  onfrcqnent*  they  aie  email  and  very 
umited. 

III.  Thtal  Intennty, — Two  unexpected  results  presented  themselves: — 1.  A  de^ 
dded  inflection  of  the  isodynamic  lines  in  the  central  and  southern  parts  of  India. 
S.  A  zone  of  dqwesaion  all  along  the  outer  ranges  and  the  baae  of  the  Himalaya. 

In  reference  to  the  first,  M.  de  Schlagintweit  pointed  out,  as  particularly  import- 
ant* that  the  very  careful  observations  of  Mr.  Broun  all  along  the  western  coast  of 
ladKa,  made  quite  independent  of«  and  anbsequent  to,  their  own,  perfectly  coincided 
the  lines  based  on  their  obeervationa. 

The  magnetic  influence  of  a  large  surface  of  soil  exposed  to  the  physical  action  of 
a  tropical  inaalation,  and  the  non-existence  of  such  an  influeoce  in  the  rainy  aad 
nndi  mora  dondad  regiona  of  the  outer  Himalayaa,  were  named  aa  perhapa  not  an« 
connectad  with  lliia  pMaomeoon*  ao  paiticulaiiy  cfaafacteriatac  in  India. 


Outline  of  the  Prmdplet  and  Practice  involved  in  dealing  with  the  EUc- 
irieal  CondiHetu  of  Smbmaritut  Bleetrie  Telegraphs,    By  M.  Wernek 

The  autfiors,  who  have  had  very  extensive  experience  in  dealing  witik  submarine 

and  other  electric  telegraphs,  state  that  the  failures  of  the  more  extensive  submarine 
lines  commence  generally  by  a  gradual  decrease  of  insulation.  The  cause  of  this 
failare  has  been  found,  in  repairing  these  lines,  to  consist  in  a  disintegration  of  the 
gutta  percha  by  the  electrolytical  action  of  the  comnts  employed  in  working  the 
line  in  such  places  where  the  insulating  covering  was  much  below  the  average  thick- 
ness,  owing  to  excentridties,  cavities,  &c.  In  other  places,  where  the  gutta  percha 
had  been  of  uniform  and  sufficient  thickneaa,  not  the  slightest  destruction  took  place ; 
hot  it  might  be  laid  down  aa  an  axiom^  that  "«e  leay  at  lAere  ore  my  Mm  phtm 
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aUowed  to  remain  in  the  guita  percha  coverings  of  a  submarine  conducior,  »o  long  wiU 
ihmr  hmdaHomftiU     ehw  degreee," 

Great  improvements  have  of  late  been  effected,  which  may  be  estimated  by  the 
fact  that  the  covering  of  the  Rangoon  and  Sin<j'?\[)ore  ra*>fe,  now  in  process  of  manu- 
facture, insulates  teu  times  better  if  reduced  to  the  same  thickness  of  coating  thaa 
the  cove  ring  of  the  Red  Sea  and  ladia  cable  did  before  it  was  lud ;  rad  theee 
marked  improvements  are  due  tn  tlic  crrealer  care  used  by  the  Gutta  Percha  Com- 
pany, assisted  by  stringent  electrical  teats  which  the  autbon  are  charged  by  the 
British  Government  to  apply. 

The  chief  eliaracteriatic  of  these  tests  is,  that  the  condQctivity  of  both  the  oon^ 
ducrinET '^virPK  and  the  surrounding  coaticrr,  'vhich  is  regarded  in  the  light  of  an  in- 
ferior conductor,  is  expressed  in  numerical  units,  ca[m!^lc  of  dtrr cl  comparison.  The 
unit  of  resistance  adopted  is  that  of  a  column  of  met  cury,  1  metre  m  length  and  of 
one  square  millimetre  sectional  area,  taken  at  the  freezing-point  of  water  (as  de- 
BrriVipfl  hx  ^Vt'rner  Siemens  in  PoggendorfTs  '  Annalcn,*  vol.  ex.)-  In  exprcs^inn; 
the  degrees  of  conductivity  of  both  the  wire  and  the  insulating  medium  in  delinite 
units  of  resistance,  not  onl^  the  advantage  of  a  more  accurate  comparison  between 
the  results  of  different  iodication  is  obtained,  but  subsequently,  when  the  separato 
coils  are  united  tor^cther  to  a  single  cable,  it  affords  an  admirable  means  of  judging 
its  electrical  condition  in  comparing  the  total  resistances  of  both  the  conductor  and 
insulating  medium  with  the  sum  of  the  resistance  previously  obtained  in  testing  each 
coil  separately ;  but  the  principal  advantage  derived  from  this  system  of  measuring, 
consists  in  the  facilities  it  affords  in  determining  the  position  of  a  fault  in  a  cable 
while  it  is  being  laid  and  after  submersion*  In  carrying  this  system  into  practice, 
MM.  SievAis  coostnieted  coils  of  definite  resiatuice  variable  ftom  1  to  80,000  units 
of  resistance. 

The  cables  to  be  tested  are  placed  for  twenty-four  hours  in  water  regulated  to 
75°  F.  j  they  are  then  removed  into  the  testing  tank  of  the  same  temperature*  which 
is  bermeticallf  cbied,  and  hydranUc  pressure  of  at  least  600  lbs.  per  square  indi 
applied,  in  order  to  force  the  water  into  the  cavities  or  fissures  that  may  present 

themselves. 

It  is  a  remarkable  fact,  which  is  also  borne  out  by  observation  u^a  cables  in 
process  of  submersion,  that  the  application  of  hydrostatic  pressure  sensibly  decreasea 
the  conductivity  of  gntta  percha ;  which,  however,  increases  agun  slightly  beyimd 

the  former  rate  when  the  pressure  is  relieved. 

For  a  full  description  of  the  methods  of  testing  employed,  we  must  refer  our 
readers  to  the  paper  itself. 

The  authors  give  a  description  of  a  new  instrument  by  means  of  which  they  test 
the  inductive  capacity  of  cable*,  which  has  also  to  be  accurately  ascertained  for  tho 
purpose  of  detecting  faults ;  and  have  affixed  a  Table  containing  many  satisfactory 
results,  and  proving  the  correctness  of  a  formula  for  calculating  the  specific  induc- 
tion of  cables,  which  was  obtained  by  Professor  Thomson  and  M.  Werner  Semens, 
by  different  scientific  deductions. 

The  specific  inductive  capacity  of  all  gutta  percha  is  shown  to  be  nearly  the  same, 
and  to  be  entirely  independent  of  Ae  specific  conductivity  of  the  gutta  percha ;  while 
India-rubber  and  Wray's  mixture  arc- far  inferior  in  specific  inductive  capacity*  being 
equal  to  07  and  0*8  respectively,  gutta  percha  hrin?  tnkpn  —  1. 

In  this  way  the  cable  is  examined  repeatedly  ut  the  earliest  stages  of  its  manu> 
facture,  in  lengths  of  one  knot,  during  the  joining  and  covering  of  the  cable,  and 
finally  during  the  paying  out. 

The  paper  next  gives  a  full  description  of  the  electrical  tests  to  be  applied  during 
the  paying  out,  ar.d  numerous  formulae  by  means  of  which  faults  in  the  cable  are 
ascertained  under  various  circumstances.  By  these  means  Messrs.  Siemens  were 
enabled  to  determine  with  great  accurar\  fault?  in  tlic  Indian  cable,  both  daringthe 
paying  out  and  afterwards,  which  enabled  the  contractors,  Messrs.  Newall  and  Co., 
to  effect  the  necessary  repairs  with  a  certainty  which  could  not  formerly  be  obtained. 

Respecting  the  prospects  of  success  of  new  lines  of  submarine  cables,  the  paper 
states  that,  owing  tn  thr  crcat  care  used,  the  conductor  of  the  Rangoon  and  Sinen- 
pore  cable  is  fully  ten  times  more  perfectly  insulated  than  the  best  cable  hitherto 
•ubmerged  j  and  that  it  may  confidently  be  expected  that  the  result  in  practict  will 
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tlM  gmtly  exoetd  tbftt  of  pnvioat  eipcrieiice;  still  th«  InratetiaK  maUtiftl  en* 
ploypd  reniaiiw  the  Mme^  and  ia  therefore  liable  to  be  affected  by  the  eame  caviti  of 

failure. 

The  frequent  failure  of  gutta  pcicUu  lias  given  riste  lately  to  several  projects  of 
attbetitatiog  Indta-mbber  and  its  compoaa&  for  the  same,  whidi*  owing  to  the 
higher  iiibulatirig  properties  and  lesser  inductive  capacity  of  India-rubbiT,  and 
abuve  all.  oiviog  to  its  greater  homugenetty  and  resisting  power  to  ctiVct>  of  heat, 
give  pruuiise  of  valuable  results  in  making  electric  telegraphs  les&  liable  to  failure. 
Tlie  chief  difficulty  consisted  hitherto  in  worltiog  ludiaprubber  in  eoch  a  way  as  to 
obtain  uniform  and  perfect  coatings  upon  the  conductor  without  injury  to  the  con- 
ductor itself.  The  authors  have  endeavoured  to  remove  this  didiculty  in  construct* 
ing  a  covering  machine,  which  they  brought  before  Section  G  of  the  Association. 

lliey  conclude, — "  We  do  not  wieh,  however,  to  rest  upon  our  individual  efforts 
for  the  further  development  of  this  importnnt  new  branch  of  applied  science.  Our 
object  iu  writing  this  coromuoicatton  has  been  to  show  that,  although  submarine 
electric  telegri^he  have  often  failed,  the  experience  gained  bat  not  b^  lost ;  and 
that  in  bringing  the  preeent  itock  of  knowledge  to  b«ir  upon  the  aul^jeet  more  con* 
plot*  aacceaa  may  be  enannd." 


Astronomy. 

On  the  Forms  oj  certain  Lunar  Craters  indicative  of  the  Opcratton  of  a 
peculiar  degrading  Force,    By  W.  H.  liiur,  F.H.A.S, 

There  are  on  the  surface  of  oar  satellite  thrte  well-marked  classes  of  lunar  cratert* 
those  that  are  more  or  less  complete  in  the  outlines  of  the  mountainous  rings  by 

vbirh  tlipv  nre  Burrounded,  having  in  many  cases  a  somewhat  deep  interior,  ana 
appearing  as  excavations  on  the  surface  of  the  moon.  Cieomedes,  Geminus,  and 
others  in  their  neighbourhood  are  examples.  We  have  also  among  the  perfectly 
aumntnded  craters  those  that  have  their  rings  somewhat  considerably  elevated  above 
the  general  level  of  the  lunar  surface.  Tycho  may  be  cited  as  the  most  perfect 
inbtance  of  the  raised  craters.  Etoth  these  kinds  agree  in  a  very  important  particu* 
lar ;  the  surrounding  ring  (whatever  may  be  the  vaiying  altitudes  of  different  pealcs^ 
or  however  certain  portions  may  rise  higher  than  others)  is  in  this  class  complete; 
there  is  no  evidence  of  tin-  operatiDn  of  the  peculiar  degrading  force,  to  which  1  shall 
presently  aliudc — certainly  nut  tu  uny  very  great  extent— in  breaking  down  any  por- 
tion of  the  surrounding  annul  us. 

A  second  class  of  lunar  crater  consists  of  those  that,  havinp:  the  surrounding  ring 
complete,  do  not  exhibit  the  depth  of  such  craters  above  !-pt  cihfii,  or  the  eradtia!  rising 
from  the  general  surface  seen  so  distinctly  in  Tycho ,  ihcy  staud  out  ai>  it  were 
above  those  portions  of  the  surfaces  of  the  moon  where  they  occur — ^generally  the 
Maria — Jife  if  the  bmooth  undidating  plains  had  cooic  (juite  up  to  the  rings  wliich  rise 
abruptly  from  them.  Most  of  these  craters  ha\e  snjooth  level  interiors  j  and  there 
are  instances  of  the  first  class  situated  la  rugj^cd  muuutaiuous  districts  possessing 
also  a  smooth  interior.  Plato  may  be  quoted  as  an  example.  Many  instances  of 
this  clai<s  occur  in  which  the  ring  is  bat  slightly  raised  above  the  interior  and  eate- 
jior  surfaces. 

The  third  class,  to  which  I  am  particularly  desirous  of  referring,  consists  of  such 
enters  as  having  apparently  at  some  previous  period  of  their  history  possessed  a 
perfect  ring  ;  a  degrading  force,  not  such  as  may  have  produced  the  terraces  and 
ravines  which  we  notice  in  Copernicus,  but  something  of  a  different  character,  has 
invaded  them  from  without*  breaking  down  certain  portions  of  the  aonulus,  and 
leaving  onl  y  >  i  ortion  of  the  walb  standing  :  these  craters  mo:»tly  occur  on  the  bor- 
ders of  the  Maria ;  and  it  is  not  a  little  significant  that  the  broken  portions  are  in- 
variably,  so  fur  as  mv  observations  extead,  on  the  side  next  the  Maria*  the  parts  of 
the  aonuli  opposite  the  Maria  being  more  or  less  in  their  earlier  state. 

The  two  undermentioned  craters  appear  to  be  interesting  examples  of  this  class-" 
.Frat^toriuSi  situated  on  the  border  of  the  Mare  Nectaris*  and  Uippalus  on  the 
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Iwrdtr  of  Uw  Mare  Hamorum.  The  nog  of  Fracutoriiu  it  ao  nrach  brolceD  down 

townrcl-  the  Mare  Nectaiis  as  to  give  the  crater  the  appearance  of  a  small  bay,  un- 
less viewed  under  a  jjuitable  illumination — a  very  early  one — when  the  edge  of  the 
crater  tu wards  the  Mare  is  seen  as  u  series  of  low  poiata  or  peaks  casting  very  short 
shadows.  The  floor  of  the  interior  appears  to  be  aomewhat  difTerent  from  the  aor« 
face  of  the  Mare,  and  seems  to  be  slightly  depressed  below  its  level,  llie  crater 
Hippalus  is  highly  interesting;  ^een  under  a  very  early  illumtnatiou :  the  western 
half  of  the  floor  is  rugged,  having  a  number  of  hillocks  scattered  over  it  and  two 
minute  craters ;  the  eoatero  half  is  smooth,  very  like  in  appearance  to  the  aitrfacaaof 
tile  Maria ;  but  the  most  remarkable  feature  is  the  line  separating  the  crater  from 
the  Mare,  just  as  though  the  Mure  had  come  up  to  and  swept  away  half  the  ring  of 
the  crater  and  a  portion  of  its  tluor,  the  two  extremities  of  the  semicircular  range  of 
nounUune  betog  very  distinct,  especially  the  north-eaatern,  which  termmates  ab* 
ruptly  ;  not  the  vcsii^^e  of  a  shadow  ia  obaerved  between  the  two^  the  light  paaoiag 
between  them  unobstructedly.   

Oh  Ob  PonOiiitt/  of  Studying  the  Barik*s  IntermU  Structure  from  Piano. 
Mtena  (Aiervtd  ai  iii  Swrfaee*  Btf  Profeaeor  Hbnmbsst,  FJiJS, 

This  the  author  showed  to  follow  as  a  result  from  the  comparison  of  the  level 
surface,  usually  called  the  earth's  surface  by  astronomers  and  mathematicians,  with 
the  geological  surface  which  would  be  preseutcd  il  the  earth  were  stripped  of  its 
fluid  coating.   He  had  made  aeveral  comparicoiia  of  the  area  of  meridian  meastind 

in  different  countries,  and  had  been  thus  led  tu  the  conclusion  that  the  surfaces  in 
question  were  not  only  dissimilar,  but  that  the  former  derived  many  of  the  irregular- 
ities which  it  is  known  to  present  from  the  influence  of  the  obvious  irregularities  of 
the  latter.  Id  the  absence  of  precise  knowledge  of  the  true  figure  of  the  avrface  of 
the  solidified  crust  of  the  earth,  as  well  as  of  the  assumed  level  surface  perpendicular 
to  frtnvity,  theory  was  necessarily  somewhat  in  advance  of  observation  upon  this 
parucui<ir  question.  At  present  the  number  uf  unknown  quantities  involved  m 
an  inquiry  as  to  the  earth's  internal  atructure  was  greater  than  the  number  of  condi^ 
tions  ;  but  by  knowing  the  true  surface,  and  adopting  the  results  of  established 
physical  and  hydrostatical  laws  relative  to  the  supposed  internal  fluid  mass*,  we 
should  be  able  to  form  as  many  equations  as  we  have  unknown  quantities,  and  lhu§ 
ultimately  obtain  a  solution.   

Oti  sofM  Recorded  Observations  of  the  Planet  Venus  in  the  Seventh  Century 
before  Christ,  By  the  Hev.  Edward  Ui24CK8»  DJ),,  of  JaUi^ieagh^ 
Ireland. 

There  is  a  tablet  of  baked  clay  in  the  British  Museum,  the  inacription  on  which, 
if  I  interpret  it  aright,  contains  a  aeries  of  observations  of  the  planet  Venus,  and  a 
series  of  [uedictions  grounded  on  the  observations.  The  latter  are  of  no  value;  but 
the  former  may  in  great  measure,  if  nut  altogether,  determine  the  law  by  which  the 
Assy rio- Babylonian  lunar  year  waa  regulated  in  respect  to  its  intercalary  montha. 
The' knowledge  of  this  law,  again,  will  eithw  establish  or  diaprove  the  view  whieh  I 
have  long  entertained,  and  repeatedly  expressed,  that  the  era  of  NaHonassar  was 
an  astronomical,  and  not  a  political  one ;  and  I  may  add,  it  is  not  impossible  that  '\% 
may  furnish  a  test  of  Uie  genuineness  of  Uie  works  attributed  to  Qathami  and  other 
supposed  ancient  Babylonian  writers.  For  these  reasons  I  am  desirous  that  tha 
observations  which  I  suppose  to  be  recorded  bhould  be  submitted  to  astronomers. 
I  now  offer  two,  which  will  suffice  to  teat  the  correctness  oi  my  interpretation  of  the 
records.  If  any  astronomer  will  take  the  trouble  to  calculate  whether  what  ia  ban 
stated  to  have  happened  would  have  actually  happened,  and  will  commonlcaletha 
result  to  tne,  I  will,  if  lie  (k  sire  it.  comraunirato  to  him  other  records  of  observations, 
as  to  the  interpretation  ot  which  1  feci  less  coutidcnce  than  1  do  as  to  tb^.  1  obser?e 
that  the  Babylonian  montha  are  expressed  by  monograms,  for  which  I  aobatitnta 
Hebrew  names  of  months.  The  Babylonian  day  began  at  noon ;  and  that  day  in 
the  evening  of  wbkli  the  new  moon  was  first  seen  was  considered  to  be  the  first  day 
of  the  month.    I  suppose,  but  am  not  very  confident,  that  the  year  of  Uie  first  obser- 

•  See  fieports  for  1859,  Trans.  Sect.  p. 
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vatton  was  —685,  The  month  of  Thamuz  would  begin  in  the  spring.  The  second 
dbsermtioQ  wu  «>me  yeurs  later.  "  On  the  35tli  of  Ttiamuz.  Venos  ceised  to  appear 
in  the  west,  was  unseen  for  seven  tljiys,  and  on  the  2nd  of  Ab  was  seen  in  the  east  J* 
^  On  the  'iOth  of  Eiul,  Venus  ceased  to  appear  in  the  west,  was  unseen  for  eleven 
days,  and  on  the  7th  of  the  second  Elul  was  seen  in  the  east."  This  being  an  cm- 
boiismatic  year,  the  day  last  meotiooed  was  necessarily  its  184th  day.  and  was  200 
day-^  before  the  first  day  of  the  new  year.  If,  then,  this  day  can  be  determined  from 
what  is  recorded  of  Venus,  the  conamencement  of  two  Babylonian  years  out  of  a 
cycle  of  eight  wiU  be  determined.  The  foregoing  had  been  communicated  to  the 
Iloyal  Astronomical  Society,  but  is  not  yet  published.  Dr.  Hincks  now  added  his 
Mnviction,  that  by  combining  those  observation?  with  rfint  of  the  equinox,  recorded 
on  another  tablet^  a  translation  of  which  was  stven  by  hiiu  in  the  Transactions  of 
the  Royal  Irish  Academy,  the  determlnattoo  of  mt  year  in  which  any  of  those  obser- 
nations  took  place  would  determine  the  commeDcement  of  ewry  Babylonian  year. 
The  Bftbyloriians  were  acquainted  with  the  approximate  equality  of  eight  tropical 
jreara,  live  synodic  revolutions  of  Venus,  and  ninety. nine  synodic  revolutions  of  the 
noon.  The  fint  ofaeervattoo,  if  in  the  aeveath  century  before  Chritt  (whidi  ii  pro* 
h^le»  though  not  quite  certain— later  tiian  diia  it  coold  not  be)«  must  haw  beoi 
in  a  year  of  the  form  -<685  ^  8 1. 


Om  th*  brilUarU  £ruptiou  on  Ot^  Sun's  SuHatXj  1st  Sepiemher  1859* 

By  R.  Hodgson*  P»HJi.S, 

While  observing  a  group  of  solar  spots  on  the  1st  of  S<>pteraber,  I  was  soddenly 

surprised  at  the  appearance  of  a  vrry  Ijrilliant  star  rf  h^rht.  much  briphter  than  the 
sun's  surface,  most  dazzling  to^the  protected  eye,  illuminating  with  its  light  the 
upper  edges  of  the  adjacent  spots,  not  unlike  in  cfiVct  the  edging  of  the  cloads  at 
sunset :  the  rays  extended  in  all  directions,  and  the  centre  might  be  compared  to  the 
dazzling  brilliancy  of  the  bright  star  et  Lyrne,  when  'cen  in  n  large  telescope 
with  a  low  power.  It  lasted  five  minutes,  and  disappeared  instantaneously 
hboot  11^  25**  A.M.  Telescope  used  an  equatorial  refractor,  6^  inches  aperture, 
carried  by  clockwork.  Power  single  convex  lens  lOO,  with  |Mde  neutral  tint  son* 
glass.  The  whole  upcrfurfi  was  used  with  a  dia:xnna!  reflector.  The  phenomenon 
was  of  too  short  a  duration  to  admit  of  a  microuietricai  drawing,  but  an  eye-sketch 
was  taken  from  which  the  enlarged  diagram  was  made. 

The  only  other  observer  was  Mr.  Carrington  at  the  Red  Hill  Observatory,  but  m 
drawint!  was  made  of  the  spot  by  the  Rev.  William  Ifowlett  of  Ilurst  Green,  at 
noon,  within  half  an  hour  of  the  occurrence.  From  a  photograph  taken  at  Kew 
th«  preWoos  day,  the  MSe  (length)  of  the  entire  group  appears  to  have  been  aboot 
8  romntfls  8  seconds,  or  say  60.000  miles. 

The  magnetie  in^trtnnent'*  at  Kew  and  Greenwich  wcfc  simoltaneously  disturbed 
at  the  same  iubtant  to  a  considerable  extent. 


Prospectus  of  the  HarhotU  VariaUe  Star  Aihsf  wUh  six  Speeimm  Prwifs, 

By  JoBN  Lbb,  LL.D. 

The  work  annnnnced  is  to  form  one  of  a  series  of  quarto  volumes,  of  which 
Admiral  Smyth's  well-known  *  iEdes  Hartweliiana; '  and  '  Speculum  llartwellianum* 
may  be  regarded  as  the  cummencement.  k  i»  to  comprise  map»  of  the  vicinityof 
all  stars  of  established  variability,— at  the  present  moment  102  in  number.  The 
light  ratio  or  magnitude  scale  etn[)l(iyed  was  ex()lained,  and  six  sjwcimen  prnnfs  ex- 
hibited to  the  meeting.  The  scale  of  projection  is  unusually  large  and  clear ;  3 
inches  to  one  degree,  to  avoid  crowding  and  confusion.  After  dwelling  at  some 
length  upon  the  unsatisfactory  state  of  onr  knowledge  of  the  variable  stars,  and 
making  allusion  to  the  most  recent  researches  and  discoveries,  especially  to  those  of 
Professor  Argclander,  Sir  John  Herschcl,  Mr.  iiind,  and  Mr.  Pogson,  and  to  the 
annual  ephemeris  of  the  variable  stars  published  by  the  last  named  astronomer  for 
four  years  pabt,  Dr.  Lee  remarked. — 

*'  A  variable  star  usually  remains  unchanged  for  several  nights,  sometimes  even 
for  weeks,  when  either  at  maximum  or  minimum ;  and  yet,  owing  to  the  difficulty 
nf  estimating  abtolnte  magnitttdes  correctly,  and  sUU  mon  to  the  prevalence  of  haze 
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and  othrr  uncertain  atmospheric  fluctuations,  the  most  practised  eye  would  fail  to 
fix  at  all  satisfactorily,  either  the  time  or  amount  of  greatest  or  least  brilliancy.  By 
comparing  the  variable  with  neighbouring  stars,  which  are  of  course  similarly  affected 
by  atmospheric  influences,  roost  of  this  onceitainty  is  however  avoided;  apd  by 
careful  consifleration  of  the  rapidity  of  increase  and  of  decrease,  the  time  of  maximum 
or  minimum  is  very  closely  and  easily  limited.  la  order  to  roalie  such  comparisuuS) 
it  is  reqaislle  to  know  tbe  atMolate  najpitodea  of  the  stars  of  reference  pretty  cor- 
rectly. A  convenient  number  of  stars  in  each  map  will  therefore  have  the  magni- 
tudes annexed  in  plain  fyurfs.  omitting  the  decimal  points  to  prevent  their  bein^ 
mistaken  for  faint  stars;  and  it  is  to  render  this  aid  to  future  observers  of  variable 
atart  that  the '  Hartwell  Atlas '  is  now  being  constracted/' 


On  the  Physical  Constitution  of  Comets, 
By  Professor  B*  Fierce,  of  Cambridge^  United  States* 


On  Ute  Dynamic  CoadUion  of  Saturns  Uings. 
By  Professor  B*  Pisrcb,  of  Oambridye,  Vmted  Stakf* 


On  the  Motion  of  a  PendiUum  in  a  Vertical  Plane  when  Hie  point  of  suspen- 
sion wares  uniform  h  on  a  cirrumference  in  the  tame  Plane*  By  Professor 
B*  Pl£RC£«  of  CamOridye,  United  Utates, 


METB0R0I.0QT. 

On  a  Plan  fir  SysienuUU  Observations  t^  Temperature  in  Moumedn 
Countries.    By  John  Ball,  M^B.LA, 

Several  members  of  the  Alpine  Club  have  agreed  to  unite  in  a  plan  of  systematic 
observations  of  temperature  in  the  Alps,  and  such  other  mountain  countries  as  they 
may  visit.  It  is  pos«ble  that  the  plan  of  combined  action  may  eventually  be 
atended  to  other  objects^  but  for  the  present  it  embraces  only  such  observations  as 
may  be  made  with  thermometers.  As  the  intention  of  the  present  paper  is  merely 
to  invite  the  suggestions,  and  if  possible  the  cooperation,  of  members  of  the  [Physical 
Section,  it  seems  unnecessary  to  state  in  detail  the  arrangements  which  arc  proposed ; 
and  it  will  be  sufficient  to  indicate  generally  the  points  to  which  it  is  believed  that 
•the  observations  about  to  be  commenced  may  roost  usi-fully  be  directed, 

Ist.  The  condition  of  the  upper  parts  of  high  mouutaiui  in  regard  to  temperature 
ia  most  imperfectly  known.  It  n)ay  not  be  possible  to  learn  much  by  direct  con- 
tinued observations,  but  it  is  thought  that  by  means  of  self* registering  mstrumenta 
we  may  add  considerably  to  the  little  which  is  now  known.  It  in  f>roposed  to  place 
such  instruments,  and  especially  minimum  thermometers,  on  as  many  of  the  higher 
peaks  of  the  Alps  as  possible,  and  to  register  their  Indications  in  succeeding  seasons* 
The  chief  practical  difficulty  in  carrying  out  this  branch  of  the  proposed  plan  is  to 
find  posltioT-.s  at  great  heights  that  are  f^roc  from  winter  snow.  It  will  bo  necessary 
to  select  verticui  or  nearly  vertical  rocks  in  order  to  attach  the  instruments  thereto, 
and  these  are  not  idwaya  to  be  found  very  near  to  the  highest  summits  of  great 
mountains. 

2nd.  It  is  a  matter  of  much  interest,  but  of  considerable  (iitticulty,  to  obtain 
measures  of  the  effect  of  the  lower  strata  of  the  atmosphere  upon  the  radiant  heat  of 
the  sun.  The  general  opinion  of  mountain  travellers  is  adverse  to  the  use  of  the 
actinometer  in  any  of  the  forms  in  which  that  instrument  has  yet  been  clcvi-cd,  and 
the  same  may  be  said  in  regard  to  other  instruments  proposed  for  the  same  purpose. 
The  objections  to  observations  with  the  black  bulb  thermometers  are  obvious  and 
well  known,  but  it  is  thought  that  observations  made  on  a  uniform  plan,  and  with 
instruments  of  e^nctly  the  same  dimensions  nnd  construction,  would  give  compara- 
tive measures  which  would  have  some  positive  value.  If  it  should  be  possible  to 
obtain  series  of  such  observations  made  at  two  stations  very  different  in  elevation, 
and  exactly  sintnttanaous,  they  could  scarcely  fail  to  give  valuable  results. 

3rd.  We  are  very  ignorant  at  present  as  to  the  mode  in  which  disturbances  of  ' 
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temperaHire  nre  propagated  from  one  p!ace  to  another  in  mountain  countries.  Con- 
Btderabie  vanatioos  of  temperature  are  not  untrequent,  and  sometimes  occur  very 
rapidly,  usually  if  not  always  io  connexion  with  eliMif«t  of  wind ;  but  we  know  very 
little  of  the  way  in  which  a  disturbance  of  this  kind  is  transmitted  either  in  the 
horizontal  or  the  vertical  direction.  It  is  mnreivef!  thnt  n  nrtwork  of  ob«rrvations 
made  by  a  considerable  Dumber  of  observers  scattered  over  a  district,  such  as  Swit. 
iferland  and  Piedmont,  would  lead  to  tome  increase  of  onr  knowledge  in  this  respect 
4th.  Observations  on  the  temj)ernture  of  the  surface  and  upper  [avers  of  the  soil 
have  a  considerable  bearing  on  many  questions  connected  with  the  distribu'.ion  of 
plants.  One  difficulty  in  investigating  these  que^tians  ari^ses  from  the  dilhculiy  of 
eomparing  observations  not  made  upon  a  uniform  plan.  It  is  thought  that  the 
adoption  ftf  uniform  instruments,  and  n  [ilan  of  observations  previously  agreed  upon 
by  all  the  members  of  the  party,  will  much  increase  the  value  of  their  results.  All 
the  instruments  used  io  these  observations  are  exactly  of  uniform  construction,  and 
made  by  Mr.  Casella  with  the  utmost  practicable  regard  to  lightness  and  convenience. 
Each  iastrament  it  nambeied  for  parposas  of  foture  reference. 


On  Atmospheric  Waves.    By  W.  II.  Birt,  F.R,A,S, 
Hie  object  of  this  communication  is  rather  doddatorythan  otherwise.  It  is  now 

twelve  years  since  I  had  the  honour  to  lay  before  this  Association  the  last  of  my 
reports  on  the  subject.  During  the  interval  it  has  doubtless  ocrupied  the  attention 
of  other  minds,  and  some  degree  of  misconci  ption  may  have  arisen  which  may  call 
Ibr  some  eloddatory  remarks  on  my  part,  especially  as  the  series  of  reports  in  oar 
annual  volumes  has  been  referred  to  on  the  Continent,  as  establishing  a  priority  uf 
investigation  into  these  phenomena  on  the  part  of  the  British  Association  for  the 
Advancement  of  Science. 

It  is  now  several  years  dnce  Professor  Dove  announced  as  his  conviction  that  Ae 
equilibrium  of  the  atmosphere  ^vns  maintiined  in  the  eTtra-tropical  zones,  more  by 
parallel  than  superposed  currents,  that  these  currents  had  a  siiiftinp  transverse  or 
lateral  motion,  and  in  consequence,  so  to  siteak,  the^  advanced  "sideways."  I  am 
Dot  aware  that  Professor  Dove  connected  these  sluftug  parallel  currents  with  baro- 
metric phenomcnn,  although  he  diil  wiili  ♦hermometric.  In  tbe  course  of  my  inves- 
tigations into  those  phenomena  termed  atmospheric  waves,  i  ascertained,  by  caretuliy 
discussing  the  records  of  the  wind  for  the  greater  portion  of  November  1842,  that 
not  only  such  parallel  compensating  currents  eiisted  as  stated  by  the  Prolesaor,  bnt 
that  during  the  period  under  inquiry,  a  similar  system  of  parallel  and  compensating 
winds  were  blowing  and  moving  at  right  angles  to  them.  The  arrangement  of  these 
crses  winds  was  NrE.»S.W.  and  N.W.— 8.£.  1  also  found  that  these  winds  were 
intimately  connected  with  barometric  pressure,  so  that  when  the  barometric  curve 
was  projected  and  presented  the  wave  form,  tiie  mind  was  led  to  group  under  the 
general  term  "  atmospheric  wave,"  at  least  two  tf  not  three  distinct  classes  of  phe- 
nomena.  First,  the  winds  succeeding  one  another,  as  we  know  thev  do  with  more  or 
less  r^Urity.  Second,  the  pressure,  a  more  or  less  continuous  fall  of  the  barometer 
geDerally  succeeding  a  gradual  and  continunu«  ri-^p  :  both  these  phenomena  are 
capable  of  being  represented  by  curves,  the  rising  barometer  mostly  coincidmg  with 
the  decreasing  force  of  wind,  and  the  falling  barometer  with  its  increase,  so  that  a 
rising  and  falling  curve  will  with  more  or  less  fidelity  represent  the  passage  over  a 
station  or  a  tract  of  country  of  the  two  compensating  currents  of  Dove.  It  is  not 
the  mere  rise  and  laii  ot  the  barometer,  as  such,  that  constitutes  an  atmospheric 
waves  the  barometric  curve  itself  is  doubtlces  the  complex  result  of  two  or  more 
distinct  variations  of  |)ressurc  connected  with  variations  of  witjd  as  above.  When 
these  are  disentans^led,  the  mind  is  able  to  grasp  thr  onward  march  of  tbe  two  par- 
allel winds,  accompanied  by  their  respective  pressures  ;  so  that  true  waves  of  pi  ess- 
ure  really,  I  apprehend, sweep  over  a  country ;  and  applying  the  wave  nomenclature, 
low  pressures  have  been  characterized  as  troughs  and  high  pressures  as  crests. 

As  illustrative  of  these  remarks,  I  beg  to  exhibit  on  this  occasion  the  rnobt  cnm- 
plete  iostancc  of  opposite  pressures  that  has  come  under  my  notice ;  it  is  the  opposite 
barometric  curves  at  Alten  and  Loogan  during  the  early  part  of  November  184S :  the 
curves  will  be  found  on  page  39,  '  Report,'  1848.  I  am  indebted  to  Dr.  Lee  for  the 
observatioDs  fumishiog  ifhe  curve  at  Alten. 
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Olftereations  on  the  Meteorological  Phenoimtia  of  the  Vernal  EquinoUial 

Week.    Jii/  M.  Du  Boirr.A  Y. 

The  author  has  been  engaged  fur  ihe  long  period  of  thirty  years  in  eDdeavourmg 
to  tseertaia  whether  there  eoold  be  traced  io  the  winds  or  weather  prevailing  about 

the  equinox,  in  any  given  locality,  a  rotmexion  with,  or  rest-iiiblance  to,  the  winds 
»nd  Weather  generally  prevailing  during  the  ensuing  sumni  r  in  the  i^aiTic  locality. 
He  infers  from  liis  observations  that  ^uch  is  the  casie,  and  liiui  the  probable  character 
of  the  aaminer  in  England  may  be  predicated  about  the  35th  of  Marcb«  by  noting 
the  weather  in  the  cqainoctial  week  then  juet  ended.  He  gave  exanplea  in  cuppoit 
of  his  views. 


0nUi9  Effect  cfoRt^Cwmdof  Air.       R.  DovPBiv. 


Om  BriUth  Sttmrn^  iUutirated  with  Diagram  and  Ckartt. 
By  Admiral  FitzRoy,  T,R,S. 

It  is  well  known  that  no  ]^ar  paaeet  in  which  the  British  islands  are  not  visited  by 
storms,  and  that  they  vary  in  degree  of  force  from  what  seamen  call  a  gale  to  a 
hurricane  irresistible  in  violence.  Only  of  late  years*  however,  has  it  been  supposed^ 
and  hot  recently  proved,  tiiat  nearly  all,  if  not  indeed  the  whole,  of  these  remarkablo 
tempests,  by  which  n  very  notable  amount  of  injury  has  been  done,  have  been  eo 
much  alike  in  character,  and  have  been  preceded  by  such  similar  wnrninp^,  as  to 
warrant  our  reasoning  inductively  from  the  well-ascertained  facts,  and  thcuce  inferring 
laws.  Every  one  looks  back  to  some  eitraordinary  storm  as  eiceeding  ail  othera  in 
his  lifetime;  but  a  tempest  that  is  severely  felt  in  one  part  of  the  country  is  not 
always  extensive,  hut  usually  the  reverse, — more  or  less  limited  ir<  area,  varying  in 
range,  direction,  and  force.  It  would  be  tedious  to  advert  to  some  of  even  the  most 
devastating  tempests  in  mudi  detail,  therefore  I  propose  to  take  three  only  as  typee* 
and  glance  suninmrily  over  their  most  marked  features,  hoping  that  the  diagrams 
suspended  around  or  lying  on  the  table  will  supply  enough  additional  facts.  The 
first  storm  to  which  I  would  ask  attention  in  passing  is  that  so  well  and  so  fully 
deeeribed  by  De  Foe,  in  1703.  He  calls  it  (page  11)  "the  greatest,  the  longest  in 
duration,  the  widest  in  rxtrrit  of  all  the  tempests  and  stnrms  that  history  gives  any 
account  of  since  the  bcguauug  of  time.  ....  Our  barometers,"  he  continues,  *'  in- 
formed us  that  the  ni^ht  would  be  very  tempestuous ;  the  mercury  sank  lower  than 
ever  I  had  observed  it  on  any  occasion  "  (page  99) ;  it  fell  to  28*47  (psge  30).  This 
storm  began  at  snu^h  mif!  vs  rrr  1  tt. rough  the  west  towards  north,  round  to  the  south* 
and  then  continued  between  south-west  and  north-west,  with  more  or  less  strength^ 
for  a  whole  week!  Very  remarkable  it  is  that  not  only  did  DeFoe  supple  this 
storm  began  nw  the  southern  coast  of  North  America,  but  thst  it  traversed  England* 
Francf ,  nnd  the  Baltic,  to  lose  itself  in  the  Arctic  regions.  He  recurs  afVerwarda 
to  Its  shiftiiig  from  soutb>west  to  north-west,  and  coming  from  the  west  like  other 
slorma  in  the  sonth  of  England,  but  does  not  advert  to  any  corresponding  north- 
iMierly  wind,  nor  had  he  evidently  any  idea  of  a  rut  it  ^  y  or  circulating  atmospheric 
current.  Probably  account?  from  the  north  of  England  were  mncli  less  attainable 
then;  but  it  is  noted  that  the  north  of  England  escaped  the  violence  of  that  storm. 
I  cannot  now  take  more  from  De  Foe,  but  venture  to  eay  that  his  graphic  aoeonots 
of  many  storms,  and  the  more  comprehensive  views  of  Dampier,  are  well  worth  the 
notice  of  even  scientific  meteoroloRisf s.  To  Franklin,  Capprr,  Redfield,  Reid,  and 
Dove,  besides  other  authorities,  seamen  tnuy  well  be  grateful ;  for  their  works,  and 
thoee  compiled  from  them,  are  facts  and  inferences  at  present  trusted  because  demon- 
strated to  be  indH(>uiably  true. 

It  is  now  necessary  that  other  storms  should  he  noticed,  and  in  a  much  more 
precise  manner;  but  two  alone  will  probably  suffice  ns  types.  The  'lloyul  Charter' 
gale,  so  recent  in  oar  recollection,  so  remarkable  in  its  features,  and  to  complete  inila 
illustrations,  I  may  say,  from  the  fact  of  its  having  been  noted  at  so  many  parts  of 
our  coast,  and  because  the  storm  passed  over  the  middle  of  the  country,  is  one  of 
the  easiest  to  deal  with  which,  has  occurred  for  some  length  of  time.  I  would 
therefore  aek  for  a  few  mtnntes'  attention  to  this  particular  instance.  There  are 
four  diagrams  ninong  thoee  on  the  wall  which  refer  particularly  to  the  25th  and  tht 


Digitized  by  Google 


40 


RfiPORT — 1860. 


96lih  of  October  last.   Referring  to  the  charts  and  the  diagrams,  it  will  be  seen  that 

the  lowest  barometer  and  a  corresponding  or  sitnultnneous  lull  prevailed  over  ten, 
fifteen,  or  twenty  nules  successively  in  the  direction  1  Imvc  pointed  out.  But  at  the 
time  that  this  comparative  lull  existed,  there  was  around  thia  cenirui  i>pace  what  by 
some  ia  called  a  vortex,  but  can  hardly  be  appropriately  termed  a  vortex,  becanae 
there  was  no  central  disturbance  :  there  were  only  variable  winds  or  calm  for  a  short 
time  in  the  middle  of  this  i^pace,  which  was  about  ten  or  fifteen  miles  across.  The 
wind  obtained  a  maximum  velocity  of  from  sixty  to  one  hundred  miles  an  hour,  at  a 
distance  of  twenty  to  fifty  miles  from  this  comparatively  quiet  space,  and  in  suc- 
ccs'^ive  mctootic  eddyings  crossed  England  towards  the  north-north-east,  the  wind 
blowing  IVom  ail  points  of  the  compass  around  the  lull,  so  that  while  at  Anglesea 
the  storm  came  from  the  north- north -east,  in  the  Straits  of  Dover  it  was  from  the 
sooth- west;  on  the  east  coast  it  was  easterly ;  in  the  Irish  Channel  it  was  northerly, 
and  on  tfic  roast  of  Ireland  it  was  from  the  north-west.  The  charts  show  th.it  there 
was  a  similar  circulation,  or  cyclonic  commotion,  going  or  passing  northwards  from 
the  25th  to  the  27th,  being  two  complete  days  from  tlie  time  of  its  first  appeanuKse 
in  (what  is  called)  "  the  chops  of  the  Channel,"  while  outside  of  this  circalatioa  the 
iKrind  became  less  and  less  violent ;  r»n(!  it  is  very  remarkable  that,  even  so  near 
as  on  the  west  coast  of  Ireland,  they  had  hue  weatht>r,  with  light  wiodg,  while  in  the 
British  Cbaonel  it  Uew  a  northerly  and  westerly  gale.  At  Galway  and  at  Limerick 
on  timt  occasion  there  were  light  winds  only,  I  repeat,  whUe  over  England  the  wind 
was  passing  in  a  tempest,  blowing  from  all  par^s  of  thf  compass  around  a  central 
similar  "  Inll."  The  next  storm  Uiat  occurred  was  &muiar  in  its  feature,  though  it 
oune  ftom  a  slightly  different  direction.  This  storm  was  on  the  1st  and  Snd  of  No- 
wmber,  and  its  character  was  in  all  respects  like  that  just  described,  now  uanally 
called  the  "  Charter  Gale."  It  came  more  from  the  westward,  passed  across  the 
north  of  Ireland,  the  Isle  of  Man,  the  north  of  England,  and  then  went  off  across 
tiie  North  Sea  towards  Denmark.  F^irther  than  l&at  distance  facts  have  not  yet 
been  gathered  ;  but,  no  doubt,  in  the  course  of  a  few  months  they  will  be. 

The  general  effect  of  these  storms  fell  unequally  on  our  islands,  and  less  inland  thaa 
on  the  coasts.  Lord  VVrottesley  has  shown,  by  the  observations  made  at  his  Observa- 
tory in  Staffbrdshire,  that  the  wind  is  diminished  or  checked  by  its  passages  over 
land  ;  and  looking  to  the  mountain  ranges  of  Wales  and  Scotland,  rising  'lOOO,  30OO, 
or  4(K>!.)  feet  above  the  level  of  the  sea,  we  see  t.hcv  must  have  grent  ptj'.ver  to  alter  the 
tiireclton,  and  probably  the  velocity  of  wuul,  laJcpendently  of  the  alterations  caused 
by  the  changes  of  temperature.  The  very  remarkable  similarities  of  this  storm  of  tbit 
1st  and  2nd  of  November  and  that  of  the  25th  and  '2fith  of  October,  the  series  of  storms 
investigated  by  Dr.  Lloyd  during  ten  years,  and  the  investigations  of  Mr.  William 
Stevenson  in  Berwickshire,  require  especial  notice  on  this  occasion.  There  is  no 
discrepancy  between  the  results  of  the  ten  years'  investigations  published  by  Dr.  Lloyd 
in  the  Transactions  of  the  Irish  Arndrmy,  the  three  years'  invcstig  iiions  published 
by  Mr.  W.  Stevenson,  and  all  the  iuvesttigations  which  have  been  brought  together 
during  the  last  four  years.  They  all  tell  the  same  story.  Dr.  Lloyd  only  found  in 
ten  years  one  Instance  even  of  a  partial  storm  which  differed;  namely,  one  atom 
that  came  from  the  north  in  the  first  instance.  Storms  from  the  south  west  are 
followed  by  sudden  and  dangerous  storms  i  rom  the  north  and  east ;  and  these  storms 
from  the  north  and  east  do  much  damage  on  our  coasts.  Upon  tracing  the  facts,  it 
is  proved  that  the  storms  which  come  from  the  w  est  andaoath  come  on  gradually, 
but  that  storms  from  the  north  and  east  begin  suddenly,  and  often  with  extraordinary 
force.  The  barometer,  with  these  north-eastern  storms,  does  not  give  so  much  warn- 
ing upon  this  coast,  because  it  ranges  higher  than  with  the  wind  from  the  opposito 
quarter.  But  though  the  barometer  docs  not  give  much  indication  of  a  north-cost 
storm,  the  therni'mictrr  dor*  \  and  the  known  average  temperature  of  pvprv  w^ek  in 
the  year  alimtls  tiie  means  at  once,  from  the  temperature  being  much  above  or  below 
the  mean  of  the  time  of  the  year,  of  showing  wheUier  the  wind  will  be  northerly  or 
aoutherly  (thanks  to  Mr.  Glaisher's  Greenwich  observations). 

Now  to  revert  to  a  few  of  the  signs  which  preceded  the  'Charter  irnle.*  For  a 
few  days  before  that  storm  came  on,  the  thermometer  was  exceedingly  low  in  a 
great  part  of  the  eonntry ;  there  were  north  winds  in  some  places,  and  a  good  deal 
of  snow  ;  but  nothing  else  extraordinary.  There  had  been  a  great  deal  of  exceed- 
ingly dry  and  hot  weather  previously.  These  facts^  of  course,  require  consider* 
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ation,  but  not  now.  I  may  just  ruention,  that  over  uur  inlands,  and  cspeciallf  in 
tbe  north  of  Ireland,  at  tluit  time,  on  the  22nd  and  83rd  of  October,  baromeCera 
were  very  low.  Many  days  preceding  the  'Charter  storm,'  an  extraordinary  clear- 
ness in  the  atmosphere  was  noticed  in  the  north  of  Ireland— tlie  mountains  of 
Scotland  were  never  seen  80  prominently  as  they  were  in  the  few  days  preceding 
thoae  on  which  the  great  storm  took  plae#*  Every  one  is  aware  that  last  summer 
was  remarkable  for  its  warmth :  it  was  exceedingly  dry  and  hot.  All  over  the 
world,  not  only  in  the  Arctic,  but  in  the  Antarctic  regions,  in  Australia,  South 
America,  in  the  West  Indies,  Bermudas,  and  elsewhere,  aurora*  and  meteors  were 
more  or  less  prevalent,  and  the]f  were  more  remarkable  in  their  feature  and  appear- 
noces  than  had  been  noticed  for  many  years.  There  was  also  an  extraordinary  dis- 
torbaoce  of  the  current  along  the  telegraph  wires.  The^  were  so  disturbed  at  times, 
that  It  was  evident  ttere  were  great  electric  or  magnetic  ■tonus  in  the  atmosphere 
which  conid  be  traced  to  no  apparent  cause.  Lord  Wrottesley,  in  his  Address,  adverted 
to  some  extraordinary  facts  respecting  various  circulatint?  substances  apparently 
absorbed  by  the  sun.  Perhaps  these  electric  disturbances  were  connected  with  the 
pecoliar  action  of  the  son  upon  onr  atmosphere.  Electrical  wires  above  groond,  as 
well  as  submarine  wires,  were  unusually  dwtnrbed,  and  these  dbturbMieet  wars 
followed  within  two  or  three  days  liy  great  commotions  In  the  atmosphere,  or  by 
some  remarkable  change. 

I  will  now  ref«r  to  another  snbject— the  qncstion  of  areas  or  lines  of  barometric 
pressure.  Professor  Espy,  of  the  United  States,  contends  for  a  long  line  from  north 
to  south,  or  from  one  direction  straight  to  another,  and  not  only  Espy  but  also 
some  among  our  own  countrymen.  The  principal  object  of  niai>.iug  theae  sectionsy 
•s  it  were  soundings,  of  the  atmosphere,  shown  in  the  diagrams,  was  to  prove 
whether  lines  of  pressure,  or  whether  areas  of  pressure  prevailed  ;  and  I  think, 
when  they  are  all  closely  looked  into,  they  go  to  prove  that  while  thii  atmnsplierc 
in  the  British  islands  varied  in  its  pressure  from  time  to  time,  sucii  variation  waa 
not  on  a  particular  line,  but  extended  over  a  large  area.  Before  I  leave  this  part  of 
the  subject,  I  rnav  ^n.y,  as  some  of  the  remarkable  exceptions  to  the  force  of  tlicsc 
particular  storms,  that  at  some  places  there  was  little  or  no  wind;  the  barometer 
fell  much,  but  there  was  no  storm,  for  the  wind  circulating  around  these  districts 
did  not  affect  them,  while  at  other  places  the  storm  was  tremendous.  It  has  been 
often  asked  v.hether  the  ship  that  was  lost — the  '  Roy;d  Charter  ' — might  have  been 
saved  ;  and  I  will  give  an  instance  of  what  another  ship  did  which  took  ordinary  pre. 
cautions  on  that  night.  Whether  the  '  Royal  Charter '  did  take  the  right  course  it 
is  not  for  me  to  say,  but  I  hold  in  my  hand  the  details  of  another  kind  of  manage- 
ment within  ten  miles  of  the  '  Roya!  Charter'  that  nicht.  The  commander  of  this 
vessel,  a  sailin^-shtp  and  not  a  steam-shi^  (the  *  Roval  Charter '  had  the  doable  advan- 
tage), was  guided  by  the  instructions  laid  down  by  Capt.  Maury,  who  has  treated 
the  subject  of  winds  in  a  practical  manner,  and  has  brought  together  a  large  amount 
of  useful  information ;  and  although,  as  I  am  aware,  he  occasionally  theorises  when 
he  has  not  facts  enough  for  philosophy,  as  a  practical  man  he  has  been  guided  by 
plain  principles,  intelligible  to  seamen  generally.  Unquestionably,  Maury  has 
brought  together  a  great  deal  of  valuable  information,  and  made  it  generally  avail- 
able. The  following  paper  has  come  into  my  hands  within  the  last  few  days  very 
opportunely :— • 

"  Having  had  many  tiireatenings  of  bad  weather  for  several  days  past,  I  began  to 

apply  your  views  as  to  storms  ;  and  not  having  much  sea-room,  I  considered  them 
more  closely.  For  three  or  four  days  l»erorc  the  20th  of  October,  we  had  very 
squally  weather,  wiih  trequent  sharp  flashes  of  lightning  from  east  to  north  east. 
During  the  night  of  the  84th,  I  stood  to  the  northward,  and  till  noon  of  the  25th, 
with  the  wind  strong  from  east-north  east.  At  noon  I  tacked,  thinking  that  if  the 
gale  should  come  on,  I  might  take  the  off-shore  tack  in  the  night,  and  have  the 
vortex  of  the  gale  to  the  sooth-eastward.  I  stood  on,  therefore,  till  half.past  live  p.m., 
and  then  wore  ship  under  short  sail,  when  in  a  tine  with  Holyhead  and  Bardsey, 
about  ten  miles  or  so  distant  from  Holyhead,  as  near  as  I  could  judge,  being  thick 
and  dark.  At  eight  p.m.,  gale  increasing,  1  took  in  close-reefed  main  topsail,  and 
fore  topmast  stay-sail,  having  nothing  then  set  but  the  main  spencer  and.n  small 
storm-mizen.  It  blew  a  complete  West-India  hurricane,  hut  I  drove  f^^^kon,  and 
I  thought  the  force  of  the  storm  did  not  iocieue.  I  now  tbinkf  from  what  other 
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ahips  suffered  which  were  to  the  northward  of  me  at  the  same  time^  that  furthec 
firofn  nie  It  blew  harder.   I  did  not  wfkr  miy  damugt  whattver  more  tbas  qtoal  in 

ordinary  blows;  only  a  little  chafe  and  some  spray.  The  liehtaing  alluded  to  above 
was  very  unnatural  in  its  appparaiicc.  l)eing  of  such  a  sharp  flashing  gl.Tre,  without 
leaving  off.  Uuiess  luokiug  at  the  exact  place  oi  ii6  ila&h,  yuu  cuuid  not  tell  ixom 
where  the  light  actuallf  cane. 

(Signed)  "  WiLUAM  J.  JoHire,  Oontlnandiog  the  8liip." 
WiUiam  Camming,  U.  S." 

These  two  instances  are  important ;  one  of  a  ship  managed  in  accordanee  with 

instructions  published  for  seamen,  h  "inn;  srr-ed,  while  the  other,  which  adojited  a 
different  course,  was  lost.    There  is  one  i^peciai  instance  on  which  not  only  private 
but  pablic  interests  were  at  stalce>  and  where  the  ship  to  which  I  allude  was  seriously 
iiyared.   There  was  one  of  Her  Majesty's  ships,  a  90-gun  ship,  fitted  up  with  eteam* 
engine  nnd  other  ap[)liaiiCP5,  in  the  Atlantic,  in  the  early  part  of  October  last.  That 
•hip  had  very  bad  weather  near  the  edge  of  the  Gulf-stream.   A  succession  uf  circling 
storms  oecurred,  and  in  every  instance  the  ihip  waa  managed  in  direct  opposition 
to  the  known  laws  of  storms,  was  considerably  damaged,  and  obliged  to  rehvw. 
Nnv""',  that  is  a  fact  which  ought  not  to  have  occurred  in  the  Biitish  Nnvy  at  the 
present  day.    It  might  have  been  that  there  was  some  reason  for  such  usually  in* 
correct  proceeding  in  one  instance  t  but  that  there  ahoold  have  been  any  reason  in 
three  successive  inatanccs  is  more  than  we  can  conceive :  any  one  can  estimate  tha 
amount  uf  expense  raased  by  a  shi|>  so  brought  back  to  Knglandfrom  her  destination. 
The  simple  rule  ot  &eauianship  is  wheu  facing  the  wind  the  centre  of  the  storm  will  be  to 
the  right  or  on  the  Hfhi  Aoad,  therefbre  you  should  gu  to  tbe  lefr.   In  the  aottthem 
hemisphere  the  centre  is  on  the  left  hand,  and  you  must  go  to  the  rigbt.  supposing 
that  sea-room  and  circumstances  enable  you  to  choose.    But  these  simple  re^^nlts 
are  the  consequence  of  very  great  consideration  on  the  part  of  scientific  persons,-^ 
phrtieolarly  Sir  W.  Reid,  Redfield»  Capper,  Espy,  Dr.  Lloyd,  and  others, ^especially 
those  in  India,  who  have  done  so  much,  vi?.   I'ifidinijton  and  Thorn.    In  this 
country  no  one  has  effected  more  than  Sir  W.  Kent,  who  collrrrf»fi  together  all  that 
had  been  done  for  many  years,  aud  published  iti  a  clear  manner  the  reaulta  of  his 
accumulated  investiitatlons.    A  very  ren.a  kable  storm  has  been  lately  traced  by 
Mr.  R'nvrl'.  of  Oxford,  and  his  rlpscriptton  puhlishcd  within  the  last  few  days.  This 
storm  occurred  near  Calne  in  Wiltshire,  cuttmg  through  fields  and  trees,  an<)  in  r>ne 
place  actually  lifted  a  broad- wheeled  waggon /rom  the  roadovvr  a  hedge  into  the  nea.i 
iMdl   The  violence  of  the  wind  waa  confined  to  a  limited  line.   The  dowowardaod 
onward  pressure  of  the  wind  was  so  great  in  that  locality,  that  it  acquired  such 
elasticity  as  to  lift  opposing  weights  and  carry  them  oo.    I  have  known  such  things 
myself.   I  have  known  the  wind  lift  a  boat  into  the  air  and  shake  it  to  pieces.  We 
have  all  heard  of  houses  being  unroofed,  of  treea  torn  op  by  the  force  of  the  wind  ; 
but  this  is  the  flrat  time  i  have  heard  of  a  heavy  waggon  being  lifted  op  and  hurled 
over  a  hedge. 

I  will  only  venture  to  make  one  or  two  ohearvatiooa  in  reference  to  the  theory 
of  tiiese  subjects.    Dove,  In  his  work,  shows  how  corrents  of  wind,  parallel  cur* 

rents,  fi«i  ho  calls  them,  co-exist.  A  great  polar  current  coming  from  the  north 
and  east  is  passmg  in  one  direction,  while  a  current  from  tbe  tropical  regions  is 
going  in  the  oHier  direction,  nearly  opposite i  bnt  to  follow  tiie  tbeo^tical  consider* 
atioiis  of  how  these  great  currents  move  from  the  Arctic  regions  towards  the  tropica 
and  ret  irn  to  the  Arctic  regions,  is  n  subject  too  l  irge  for  the  present  limited  time. 
Dove  has  shown  moat  clearly  in  his  work  (which  is  translated  into  English),  that 
oirenlation  of  the  atmosphere  in  great  polar  and  equatorial  or  tropical  eorrcnts*  pre* 
vail  not  only  in  our  hemisphere,  hut  everywhere.  I  can  bear  witness  that  hia 
reasonings  and  particular  views  can  be  corrol. orated  in  every  part  of  the  world. 

The  British  Association  has  made  application  to  ller  Majesty's  Government  to 
anthorise  arrangements  for  communicating  warning  of  storms  from  one  part  of  ttie 
countrv  fn  rho  other;  and,  in  conclusion,  I  will  rt  ad  the  details  of  that  arrange- 
ment which  promises  to  be  so  beneficial.  Arrangements  have  been  authorized 
by  the  Board  of  Trade  (under  a  minute  from  the  tVesident,  dated  June  6),  in  conse- 
quence of  which  a  dsilyand  mutual  interchange  of  certa  n  luni  ed  meteorological 
MamaiAeA  WUI  be  tnuumittad  batwMi  London  and  Paris»  the  reaults  of  liva. 
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sebsidiiry  eoannumeitioiM  to  the  centnl  •tattons  of  Pkris  moA  Londoo.  Aotlioritf 

being  thus  givm  to  coUect  Mid  eommaiiwAte,  by  the  telegraph,  particular  meteoro- 
logical intelligence,  a  commencement  may  be  made  on  the  1st  of  Sej>le  nher,  the 
plan  proposed  is  simple,  and  the  machtaery  is  ready.  Once  a  day,  at  abuut  nine 
A.M.,  barometer  and  thermotneter  heights,  atate  of  weather,  and  direction  of  wind 
will  be  telegraphed  to  I. ndon,  from  the  most  distant  ends  of  our  longest  wires, — 
namely,  Aberdeen,  B  r  a  u  k.  Hull,  Yarmouth,  Duver,  Portsmouth,  Jersey,  Plymouth, 
Penzance,  Cork,  Gaiway,  Londonderry,  and  Greenock.  Facts  sent  thus  from  five  of 
fheie  placet,  will  be  pot  into  one  telegram,  and  seot  to  Paris  immediately,  when  a 
corresponding  communication  will  be  made  from  the  southward  Atlantic  coasts. 
When  threatening  signs  arc  not  apparent,  no  further  notice  will  be  transmitted  to 
or  from  London  on  that  day,  rfspeciing  weather.  But  when  indications  are  such 
at  to  warrant  some  caotionary  signal  at  a  certain  part  of,  or  along  all  our  coasts, 
the  wards  "  Caution,— North  "  (or  "South")  will  be  ?ent  to  some  of  the  tliirteen 
places  specified,  or  to  all  of  them,  on  the  receipt  of  which  a  cone  (or  triangle)  will 
be  hoisted  at  a  staff  (poiat  up  fur  north,  down  fur  south),  iitdicatiug  the  bide  whence 
wind  may  be  eipected.  This  signal  will  be  repeated  along  part  of  the  coast  by  the 
Coast  Guard,  at  soch  of  their  stations  as  may  be  authorized  (at  most  of  their  stations 
flagstaff's  are  visible  to  coasters).  Danger  will  be  implied  by  a  drum  (or  square),  a 
cone,  and  perhaps,  in  addition,  very  great  danger  by  a  cone,  a  drum,  and  a  second 
cone.  [The  cones  and  drums  may  be  made  with  hoops  and  black  canvas,  to  collapee, 
without  top  or  bottom.  They  will  be  the  same  in  sha[)e  from  nil  [)nints  of  view, 
and  unlike  any  other  signal,  such  as  a  time-ball,  used  ordiuani^.j  As  the  Coast 
Guard  extends  all  along  the  frequented  parts  of  oor  shores,  and  as  the  telegraph 
companies  are  liberally  willing  to  have  instruments  and  signals  placed  at  their  ex- 
treme stations,  in  charge  of  and  used  by  thi  ir  officials,  only  the  necessary  materials 
and  instructions  will  be  required,  all  of  which  are  ready  or  in  progress.  By  vu^iUmce 
at  the  central  station,  and  by  taking  great  care  to  avoid  aigoalling  too  freqnentlyi 
much  may  be  done  towatda  diminishing  the  losses  of  life  on  our  increasingly  crowded 
coasts.  Property  alone  may  be  duly  insurprf,  hut  every  wi^o  [precaution  for  the  safety 
of  life  should,  of  course,  he  used.  As  an  aux.liary  mea  ure.  a  concise  Manual  of 
Instrnetions  for  the  BarooMter  will  be  circulated  amoi.g  maritime  commoniiies) 
who,  though  they  may  have  frequent  access  to  "  weather-glasses  "  of  various  kinds, 
do  not  generally  know  how  to  use  them  most  advantageously.  The  following  details 
mav  be  useful,  as  well  as  interesting,  to  those  who  wish  to  investigate  these  subjects 
and  examine  the  diagrams  more  critically : — ^The  probable  liroita  of  error  of  the 
barometric  curves  on  the  synoptic  sheets,  21st  of  October— 2nd  of  Novemt>cr  1859. 
U'he  oi)servatiotis  at  the  reu;ular  ohservatories,  such  as  Greenwich,  Oxford,  Cam- 
bridge, lliglifield  House,  Kew,  &c.,  have  had  all  corrections  applied,  and  have  been 
reduced  to  sea-level,  and  the  temperature  of  32^.  The  returns  from  members  of  the 
British  and  Scottish  Meteorological  Societies  (neaily  ninety  in  number)  have  ne.irly 
all  been  corrected  fur  the  exact  height  above  sea-level,  all  within  a  few  feet.  The 
corrections  due  to  instrumental  errors  and  reduction  to  32^  have  (in  most  cases  I 
believe)  been  applied  by  the  obsenrere.  The  Continental  observations  have  been 
cn!lf*rtet1  par*lv  from  the  Dutch  papers  and  partly  frotu  the  '  Moniteur.'  Those  from 
tlie  former  have  been  reduced  to  32"^,  and,  it  may  be  presumed,  have  also  beei,  cor- 
rected for  instrumental  errors.  The  heights  of  some  atations  are  known  ;  the  cor- 
rections due  to  those  heights  have  tieen  applied,  and  others  are  known  to  be  little*  if 
at  all,  above  the  ^ea  level.  Any  error  in  laying  down  a  curve  from  such  data  can 
8ca<cely  exceed  two  or  three  hundredths  of  an  inch.  The  observations  obtained 
firom  the '  Moniceur  *  itie  aseomed  are  given  duly  corrected.  The  heights  of  the  stationa 
of  ordinary  observers  are  known  for  the  most  part  pretty  nearly,  and  corrections  for 
such  heights  have  been  applied  to  the  returns.  Other  corrections  have  only  been 
applied  in  a  few  cases — observations  sometimes  recorded  only  to  the  nearest  tenth,  not 
being  deemed  worthy  of  any  further  oorrection.  Those  retoms,  however,  of  which 
the  barometrical  observations  are  evidently  erroneous  (from  comparison  with  other 
more  reliable  neiphbouriug  and  contemporaneous  obsevations),  liave  been  rejected 
altogether.  On  the  whole,  we  may  safely  futsuroe  that  even  these  observatious, 
as  laid  down,  are  less  than  a  tenth  in  error.  The  heights  of  the  lantero  above  the 
sea-level  and  of  the  towrr,  from  tbr  base  to  thv  vnnf,  Ijring  known,  the  prribahle 
height  of  the  barometer  can  be  ascertained.  The  ^wyts  correction  for  the  heifhlL 
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thtu  eatimated  has  been  applkdj  and  all  retnnia  anspcded  of  beiog  erroneoos 
f^|6cted«  ^^^^^^^ 

On  the  SimUarihf  <f  the  Lunar  Curves  of  Minimum  Temperature  at  Green* 
wich  and  Utrechi  in  the  Year  1859.   Btf  J.  Park  Harrison,  M.A. 

The  author  showed  that,  od  the  mean  of  twelva  lonationa,  ia  1859  the  greatest 
amount  of  cold  displayed  itself  at  both  the  above-named  statione  between  full  and 
new  moon  :  the  difference  between  the  mean  mioimum  temperatures  of  the  first  and 
second  halves  of  the  lunation  at  Greenwich  being  2^*4 ;  at  Utrecht  2^  0.  There  were 
two  mbhnafor  night  temperature  both  at  Greenwich  and  Utrecht ;  they  followed  on 
full  moon  and  last  quarter.  The  least  amount  of  cold  was  at  first  quarter.  The 
difference  between  the  minimum  temperatures  nt  first  qnnrter  and  shortly  after  last 
quarter*  on  a  mean  of  twelve  observations  taken  at  both  stations^  was  nearly  7^.  l*he 
difference  in  the  means  of  the  mean  temperature  of  the  day  for  fotty-thrce  years  for 
the  two  periods  of  fotuteen  daySj  at  the  former  place  had  been  pcevioosly  Ibund  to 
be  l"*!. 

Mr.  Harrison  expressed  increased  conviction  that  effects  so  contrary  to  expectation 
most  be  due  to  the  presence  or  absence  of  clond,  or  to  ita  height  above  the  eartb«^ 
to  whatever  cause  this  phenomenon  may  ulthnateiy  be  aasignad. 


Oh  the  Principles  of  Meteorology,    By  Professor  Hknnessy,  F.R.S, 

The  author  contended  that  thp  principal  object  of  meteorology  was  the  prediction  of 
the  weather  within  certain  probable  limits.  The  great  complication  of  atmospherical 
phenomena,  and  the  mfloence  of  remote  causes  of  disturbance^  would  undoubtedly 
render  this  extremely  difficult.  Although  the  atmosphere  is  itself  one  of  the  best 
examples  of  an  unorganized  body  to  which  we  could  refer,  yet  its  complicated  and 
tiuctuating  phenomena  suggest  to  us  the  mode  in  which  such  phenomena  should  be 
Investigated.  Any  success  could  be  expected  only  by  treating  the  atmosphere  very 
nearly  as  an  organized  body,  and  studying  its  abnormal  conditions  with  the  same 
continuity  and  generality  of  observation  as  is  usually  employed  in  pliy?iolnjry.  Ob- 
servations made  at  stated  hours  have  been  found  by  themselves  luiely  capable  of 
affi»rding  means  to  foretell  the  future  conditions  of  the  weather  for  even  short 
periods  of  time,  A  careful  study  of  the  appearances  of  the  sky,  such  as  has  been 
so  long  familiar  to  mahoers  and  others  interested  in  the  conditions  of  our  atmo- 
snhere,  would,  when  made  by  men  well  prepared  with  preliminary  knowledge  of 
tne  principles  of  phywcal  science,  throw  far  more  light  upon  the  chief  object  of  our 
search.  Mr.  Henoessy  illustrated  this  remark  by  referring  to  some  such  observations 
which  he  had  made  during  the  month  of  June.  Although  he  had  at  first  const- 
derable  scepticism  as  to  the  possibility  of  obtaining  correct  results  from  the  continuous 
photographical  registratidn  of  atmospherical  conditions,  Mr.  Hennessy  was  satisfied, 
from  what  he  had  witnessed  during  1856  in  the  PadcIifTc  Observatory,  that  such 
system  was  not  only  possible,  but  that  it  sometimes  disclosed  important  changes 
which  would  have  escaped  the  method  of  observation  at  stated  hours.  He  instanced 
tiie  comwxHMl  between  the  phen<  mena  of  thunder-storms  and  sudden  barometric 
depressions,  as  pointed  out  by  the  late  Radcliffc  Obser>'cr  at  the  Glasgow  Meeting, 
and  the  connexion  between  days  of  great  solar  irradiation  and  minute  vertical 
atmospheric  currents,  as  pointed  out  by  himself*.  He  concluded  by  pointing  out 
the  manner  in  which,  from  the  increasing  knowledge  we  possess  of  the  influence  of 
the  ocean  upon  climate,  the  greater  stability  of  its  current",  compared  to  those  of  the 
atmosphere,  may  under  the  peculiar  conditions  of  the  iiniibh  islands  enable  us  to 
fwesce  many  important  changes  within  comparatively  extended  periods  of  timef. 


OnAifUotciie  Es^jtediiioni,  By  Captain  Maury,  U.S,  Nacy. 

Observatory,  Washington,  20th  May,  1H60. 
My  dear  T.oitn  Wu  i  r tlsley, — i  hope  tiie  time  is  not  far  distant  when  cirru»ii- 
stances  wiil  be  uturc  auspicious  than  at  present  they  seem ;  lur,  as  soon  as  there  appears 

*  Report  for  1858,  Trans.  Sect.  p.  36. 

t  Report  for  1859,  Trans.  Sect.  p.  50.  Proceedings  of  the  Royal  Society,  voL  is.  p.  924* 
Atlantis,  voU  i.  p.  S9«.  Philosophical  Msgsiiae,  Afvil  1846,  and  October  18M. 
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the  least  chance  of  success,  I  shall  urge  the  sending  from  this  country  an  exploring 
expedition  to  the  eight  millions  of  unknown  square  miles  about  the  South  Pole.  1 
hope  that  my  letter  to  you  upon  the  subject  was  sufficiently  clear  to  satisfy  your 
nindt  and  couefauive  to  enlist  your  infloenoe  with  Her  Majesty's  Govemment  sod 
the  Knglish  people  in  the  cause  of  Antarctic  exploration.  It  is  an  enterprise  in  wliich 
the  British  nat  ion  may  well  take  the  lead,  for  it  is  nearer  to  them  than  to  the  rest  of  the 
■world.  There  is  Melbourne,  your  great  coiumerciai  roartf  that  is  already,  in  amount 
of  shipping,  a  rival  of  LivsrpboU  It  is  within  less  than  two  weelcs'  run  by  steamer 
from  the  borders  of  this  unknown  region.  So,  ynn  observe  that  these  pii2;ht  millions 
of  unknown  square  miles  lie  at  your  door,  and  the  responsibility  of  permitting  them 
so  to  lie  longer  will  lie  there  loo.  "You  go;  we'll  come."  An  expedition  might 
be  sent  from  Australia  with  little  or  no  rislc.  Two  propellers*  or  even  two  vessels 
with  auxiliary  steam-power,  miylit  be  sent  out,  so  as  to  spend  our  three  winter 
months  in  looking  for  a  suitable  point  along  the  Antarctic  Contiaeot  to  serve  as  a 
point  of  departure  for  over-land,  or  over-ice  parties.  Having  found  one  or  more 
such  places,  vessels*  properly  equipped  for  land  and  ice  and  boat  expeditions,  might 
be  sent  the  next  seri^^on,  there  to  remain,  seeking  to  penetrate  the  barrier,  whether 
of  mountain  or  of  ice*  or  both*  until  the  next  season*  when  tbey  might  be  relieved  by 
a  fresh  party,  or  return  home  to  compare  notes,  and  be  governed  accordingly.  You 
know  the  barometer  at  all  those  places  which  have  a  rainy  and  a  dry  season,  stands 
highest  in  the  dry,  lowest  in  the  wet.  Now,  I  lio  not  find  any  indications  that  the 
Antarctic  barometer  has  months  of  high  range :  it  is  low  all  the  year.  Therefore — 
If  f  be  right  in  ascribing  the  apparent  tenuity  of  tbc  Mr  there  to  the  heat  that  is 
liberated  during  the  condensation  of  vapoor*  from  the  heavy  precipitation  that  is  Con- 
stantly  taking  place  along  the  sea  front  of  those  "  harriers  — we  should  be  correct 
in  inferring  that  the  difference  in  temperature  between  the  Antarctic  summer  and 
winter  is  not  very  marked.  If,  in  a  case  like  Uiis*  we  might  be  permitted  to  indulge 
the  imagination,  we  might  fancy  the  "  barrier"  to  be  a  circular  range  of  mountains^ 
and  that  bi  yond  these  lies  the  great  Antarctic  basin.  Beyond  this  range,  as  beyood 
the  Andes,  we  may  fancy  a  rainless  r^ion*  as  in  Peru,— a  region  of  clear  skies  and 
mild  climates.  Though  the  air  in  pasung  thb  range  might  be  reduced  below  tha 
utmost  degree  of  Arctic  cold,  yet  being  robbed  of  its  vapour*  it  would  receive  as 
sensible  the  latent  heat  thereof.  Passing  off  t(»  the  Polar  slope  of  these  mountains, 
this  air  then  would  be  dry  air ;  descending  into  the  valleys,  and  coming  under  the 
barometric  pressurs  at  the  snifaoe,  it  would  he  warm  air.  Leslie  has  explained  how* 
by  bringing  the  attenuated  air  down  from  the  snow-line,  even  of  the  tropics,  and 
subjecting  it  to  the  barometric  weight  of  the  superincumbent  mass,  "^ve  may  raise  its 
temperature  to  intertropical  heat  by  the  mere  pressure.  In  like  manner*  this  Ant- 
arctic air>  though  cold  and  rare  while  crossing  the  "  barrier,''  yet  recdviag  heat 
from  its  vapours  as  they  arc  condensed,  passing  over  into  tlie  valleys  beyond,  and 
bfinj:;  ti^n\n  sii!>j*^cted  to  normal  pressure,  mav  lieromo  warm.  Wf  have  abundant 
illustraiioas  ui'  tiie  modifying  iullueuces  uuuu  ciunate  which  wmda  exercise  after 
having  passed  mountains  and  precipitated  tneir  vapour.  The  winds  which  drop  the 
Tvalers  of  the  r'ulmnliia  river,  &c.  on  the  western  slopes  of  the  Rocky  Mountains* 
make  a  warm  climate  about  their  base  on  this  side,  so  much  so  that  we  fiiui  in  Pied- 
mont Nebraska  the  lizards  and  reptiles  of  Northern  Texas.  Indeed,  trappers  tell  mc 
that  the  Upper  Missouri  is  open  in  fall  Iciug  after  the  Lower  is  frozen  up,  and  in 
spring  long  before  — 'several  weeks — the  ice  in  the  more  southern  parts  has  broken 
up.  The  eastern  slopes  of  Patagonia  afford  even  a  more  striking  illustration  of 
climates  being  tempered  by  winds  that  descend  from  the  mountains,  bearing  with  them 
the  heat  that  their  vapour  has  set  free.  Thus  you  observe,  that  an  exploring  party 
after  passing  the  barrier  mUjht,  as  they  approach  the  pole,  find  the  Antarctic  climnU' 
to  grow  milder  instead  of  colder.  It  would  be  rash  in  the  present  state  of  our  in- 
formation to  assert  that  such  i»  the  case  ;  but  that  such  may  be  the  case  should  not 
be  ignored  by  the  projectors  and  leaders  of  any  new  expedition  to  those  regions. 
TTie  existence  of  an  open  sea  in  the  Arctic  ocean  has,  with  a  great  degree  of  proba- 
bility* been  theoretically  established.  But  the  circumstances*  as  strong  as  they  are* 
whkA  flivoiir  the  esfotence  of  an  fugva  water  there,  are  not  so  strong  and  d^net  as 
are  the  proofs  and  indications  of  a  mild  polur  climate  in  the  Antarctic  regions.  I 
have  namiaed  th«  immetiBe  libiftxy  of  log*books  here  lor  the  Itoea  of  Antaictk  ica* 
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drift.  Tlicre  appear  to  be  two,  both  setting  to  the  north-east,  one  pMting  by  the 
Falkland  Islands,  the  other  havine  its  northern  terminus  in  the  regions  about  the 
Cape  or  Good  Hope.  Further  south,  icebergs  are  found  all  around ;  but  in  these 
Haet  of  drift  th<>y  are  found  ntamt  the  equator.  The  space  betweeo  the  PalUaod 
drift  ami  the  Guod  II()j)c  drift  is  an  unfiequented  part  uf  the  ocean.  It  may  there- 
fore be  one  broad  drift,  ilie  edi:ci  of  which  only  I  have  pointed  out.  The  most  active 
currents  from  the  south  du  not  run  with  thi^  ice.  ilumbuidt  s  current  in  the  moat 
active,  but  it  does  not  get  Ha  icebergs  as  far  oorth  aa  they  come  by  these  lioea* 
This  circuln^tance  has  suggcs'ed  the  conjei  ture  tlia'  one  [)art  of  the  Antarctic  Coo- 
tioent  must  be  peculiarly  well  situated  for  the  forniutinn  of  glucu  rs  and  the  launrhing 
of  icebergs.  These  lines  of  drift  point  to  euch  a  place.  The  facts  &tated  m  my 
former  letter  will,  I  trust,  when  considered  in  connexion  with  these  views*  impress 
you  witli  thp  importance  of  the  subject.  So.  truatiog,  and  hoping  that  you  will  joiii 
with  me  iu  the  cry«  "  tio  for  the  iiuuth  l^olel" 


On  ihg  CUmtOei  of  <Ae  Aniaretie  Regkms,  a$  imHealed  bjf  ObtervatioHS  tgnm 

the  Height  of  the  BarornMgr  and  Ihneiion  ^  the  fVMt  at  Sea,  Sjf 
Captain  MaurY)  6^.6*.  ASsvy* 

In  the  rDtirsr  of  niy  labours  connected  with  the  wind  and  current  charts,  I  had 
caused  to  be  grouped  1,213,933  observations  upon  the  direction  of  the  wind  at  sea* 
Each  one  of  these  obsenrationa  embracea  a  period  of  eight  hours,  and  aims  to  give 
tiie  prevailing  direction  of  the  wind  during  that  time.  Thus  each  individual  of  my 
group  is,  in  fact,  itself  the  mean  of  many.  The  result  of  the  whole  is  presented 
diagrametrically  in  Plate  l.»  in  which  the  mean  direction  of  the  wind  io  each  belt, 
and  for  tiie  four  quarters,  is  represented  by  the  arrows  correctly,  both  as  to  mean 
direction  and  average  duration. 

From  the  latiours  of  Lieut.  Andrau  and  his  collengup^  tlie  Meteorological  In- 
stitute of  the  Netherlands  *,  I  obtained  83,332  observations  upon  the  barometer  be* 
tween  the  parallels  of  60^  N.  and  36"  S.  at  sea.  This  fine  series  was  enriched  by  the 
observations  at  Greenwich,  St  Petersburg,  and  Hobart  Town  on  shore,  and  by  Dr. 
Kane,  Sir  James  Clark  Ross,  and  Lieut.  Wilkes  at  sea,  duiing  their  Arctic  and  Ant- 
arctic explorations.  From  these  the  barometric  profile  of  the  atmosphere  (Plate  I.) 
was  constructed. 

The  barometric  observations  on  shore  were  not  found  in  all  cases  to  accord  wiA 
tiio^e  at  sea.    Moreover^  those  of  Wilkes  and  Boss  were  the  means  of  observatiooa 

for  only  a  few  days. 

Our  'Marine  Magazine/  as  the  precious  store  of  abstract  logs  may  be  called,  coa- 
tain«I  many  more,  and  which,  by  their  great  numbers,  and  in  consequence  ot  their 
having  been  made  at  all  seasons  of  the  year,  wotild  afford  better  meiin  results.  la 
extension  of  Andrau 's  series,  I  therefore  added  69*^,  between  the  parallels  of  Alfi 
and  60^  south,  from  the  log-boolts  of  this  office.  These,  Aodran's,  and  Dr.  Kane's 
in  the  ice,  form  the  elements  of  the  Baromt  trie  Curve,  Plate  II. 

Proccedins^  upon  the  supposition  that,  with  rcg.nrd  to  the  eencrnl  rtinvrmrnts  and 
the  mean  statu^i  of  the  atmosphere,  we  should  have  at  sea  the  rule,  on  land  tiie  ex* 
eeptioos,  I  commenced  to  group  these  observations  for  discussion. 

As  the  North  Indian  Ocean,  the  China  and  West  India  seas,  where  the  monsoons 
blow,  arc  known  to  present  exceptional  ca.-^es  to  the  fieneral  movements  of  the  wtoda 
at  sea,  the  observations  fur  them  were  excluded  liuia  the  general  summing  up. 

Thus  premising,  the  winds  were  taken  frorn  the  pilot  charts  and  grouped  in  belts 
6**  of  latitude  broad.  As  a  rule,  the  vc?sel>  that  arc  cooperating  with  us  seldom  go 
on  the  I'olar  side  of  60'  north  or  south ;  for  our  fleet  of  observers  consists  for  the 
most  part  oi  luerchanttu^n.  whom  the  channels  of  trade  do  not  carry  beyond  these 
parallels;  consequently  the  observations  of  the  winds  were  arranged  in  S4  belts 
(12  on  each  side  of  the  Ftja.itor)  ;  all  the  observations  bet\veen  the  Kquator  and 
6°  north,  lor  example,  l)ting  in  one  belt ;  and  so  on  for  every  5**  of  latitude. 

Now,  considermg  that  the  general  movements  of  the  atmosphere,  as  exhibited  by 

*  MaanUelijk&ctie  Zeilnanwijtingen  van  Java  naar  llet  Kansal.  AU  Uitkomstcu  Weten* 
sehap  aa  Bnraring  Aangsande  Winden  en  zeestroomiagen  in  sommige  Gedcelien  van  dea 
0  raaa  Ui^mifsa  Doat  Ust  IMakiyk  Mcdcrlandicfa  Meiaorotogjscha  lostiluul.  Uirccht, 
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tfae  wiadt  «t  urn,  wre  to  and  fro  between  the  Equator  and  the  Poles,  «U  tiHte  obser- 

vations  were  arranged  in  two  prnnps  for  each  belt,  and  classed  either  as  winds  with 
northing,  or  as  wiuds  with  southiag,  lu  tiieui,  per  Table,  showing  the  average 
aottUAl  dtimlioii  in  dftys  of  winds. 

Winds  with  Northing,  and  Wtndg  with  Southing  in  iiiem. 


Bdto. 

Northern  Ile-miipherc. 

Southern  HemUpbere. 

Vn  nf 

Nortbinf. 

SwtUng. 

BSMM 

ob«erva- 
ttuns. 

N«flUa«  1  SmtAbiB. 

D«jra. 

Day*. 

Nortli. 

— 

Soulh.  1 

Day*. 

Nortli. 

SouUi. 

Hetween 

(1   &  5 

79 

268 

189  i 

72,945 

68 

369 

186 

5&  10 

158 

35  1 

64,n-IH 

72 

283 

211 

104(  15 

27^ 

7.i 

205 

43.817 

82 

275 

1U3 

I5&S0 

33,103 

373 

91 

183 

46,604 

91 

2K6 

*  •  • 

176 

2<>&25 

44^27 

346 

106 

140 

6fi,.'U/5 

128 

237 

•  ■  • 

90 

68,777 

185 

168 

22 

66,63d 

147 

308 

•  ■  • 

61 

68,514 

m 

195 

40 

76.254 

150 

904 

«  •  * 

64 

a5&40 

41,233 

173 

179 

6 

107231 

178 

178 

0 

0 

40&45 

33.353 

163 

186 

•  •  • 

83 

63,669 

SOS 

155 

47 

45ftSO 

39,461 

164 

188 

•  •  • 

n 

S9.18> 

SO0 

148 

61 

50&S5 

41,570 

148 

203 

•  •  • 

55 

14.286 

208 

151 

f>7 

1 17,874 

U3 

218 

71 

13.617 

334 

133 

93 

It  thus  appears  that  we  have,  as  we  already  well  knew,  in  each  hemisphere  a 
iTit  dial  belt — a  barometric  ridge  in  the  «ir — from  whirh  the  prevailing  direction  ol  the 
wind  on  one  side  is  towards  the  fc^quator,  and  from  the  other  towards  the  Pole.  In 
the  southern  hemisphere  this  ridge  is  »harp,  being  included  between  the  parallels  of 
35**  and  40°;  in  the  northern  hemisphere,  however,  it  seems  to  be  lew  Minrpty  de- 
fined, (or  the  dehateabic  ^rcund,  or  Im  It,  within  wliich  neither  wind  app>ars  to  haft 
a  very  marked  ascendency  as  to  prevalence,  extends  from  lat.  85*'  to  50°  N. 

Proceeding  from  these  belts  towards  the  Equator,  eqttatoTial*boand  winds  becomt 
more  and  more  prevalent;  or  if  we  proceed  towards  the  Pole,  the  polar-bound  winds 
becnmc  more  and  more  prevalent,  —  thus  indicating  the  existencp  both  near  the 
Equator  and  in  the  polar  regions  of  a  permanent  degree  of  aerial  rarefaction  suf* . 
fictent  to  produce  an  indrani^t  from  a  medial  line  or  belt  towards  cod). 

To  accertain  the  degree  of  rarefaction  about  the  Poles,  as  fares  the olMervat ions  on 
the  barometer  nt  sea  would  indicate  n  result,  the  fiarometric  COTVe  (Plate  II.)  waS 
constructed  Irom  the  data  expressed  in  thi»  Table,  showing 

Tkt  Mfom  Height  i^  tht  Barometer. 


0  to 


5  to  10 
10  to  15 
15  to  30 
SO  to  86 
25  to  30 
30  to  35 
85  to  40 
40  to  15 
45  to  50 
78"  37' 


29-915 
29  922 

29  964 

30  018 
30^081 
30  149 
30*310 
80184 
30077 
30  060 
88759 


U  to  y  J^. 

6  to  10  „ 
10  to  13  „ 
15  to  20  „ 
80  to  85 

n  to  .?o  „ 

30  to  36  „ 
40  to  48  „ 

43  to  45  „ 
45  to  48  „ 
48  to  50  „ 

50  to  53  „ 
53  to  55 
56i 


29-  940 
39  981 

30-  028 
30-060 
80-108 

;io  0^5 

30  053 
8986 

3978 
39  68 

ao-68 

2948 
3936 
89^ 


No.  of  obo 
■cnrstioBt. 


3693 
3934 
4156 
4248 
4886 
4780 
6970 
1708 
1130 
1174 
678 
665 
475 
1186 


It  woal4  ieeoi  from  tttia  mm,  wlucb  by  its  nipilarity  sbows  tt»  obasrYtti^Bf  s* 
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sea  to  be  remarkably  aceotdntf  tiiat  the  atmosphere  is  mach  more  attenuated  in 
aiistrnl  than  in  boreal  regions ;  and  that  the  hi':h  b:\rometer,  with  the  light  airs 
and  battiing  winda  of  the  tropical  calm  belts,  is  the  dividing  atmospherical  ridge,  to 
to  tpeak*  between  the  low  barometer  about  the  Pole  on  one  side  and  near  the  Equator 
on  the  other ;  and  that  the  position  of  this  ridge  is  determined  by  the  degree  of 
polar  In  contrast  with  the  degreeof  equatorial  rarefaction.  The  trade-winds  rushing 
in  on  one  side,  and  the  counter  trades  on  the  other — as  the  polar>  bound  winds  may 
be  cnUed— supply  the  indraogbt  for  these  placce  of  attennated  air  and  low  baro- 
meter. 

It  thu'^  f\npp,Tr^  tluit  the  equatorial  calm  belt  n  ^nrt  nf  thermal  adjustment  be- 
tween the  cuiui^  uf  Cancer  and  Capricorn ;  whicii  m  turn  aru  in  adjustment  to  the 
dvnamical  power  pf  the  ascending  columna  of  air  in  tibe  equatorial  and  polar  calm 

places. 

The  low  baromitcr  off  Cape  Horn  has  long  attracted  the  attention  of  navigators. 
The  low  barometer  iu  other  longitudes  south  cau^l  Wilkes,  Ross,  and  others,  to 
remark  upon  the  diminished  pressure  in  high  aouthern  latitudes,  and  upon  the  ap- 
parent inequality  in  the  diatributtoa  of  the  atmoaphere  north  and  south  of  the 
Equator. 

The  barometric  observations  between  40^  and  6QP  South,  and  which  are  quoted 
in  the  preceding  Table,  were  collected  in  three  groups — first,  from  the  logs  between 
the  Cape  nf  r.o  )d  Hope  and  Australia,  next  from  Australia  to  SO''  West,  and  then 
about  Cape  iiorn.  The  result  showed  that  a  low  barometer  is  not  pecuhar  to  Cape 
Horn  regions,  but  that  it  is  general  and  .circumferential  in  austral  latitudes,  dimi- 
nishing rapidly  as  we  approach  the  Pole. 

The  great  extent  of  the  austral  water  «urfac<»,  with  the  vnpour  with  which  it 
keeps  the  "  brave  west  winds"  of  these  regions  loaded,  and  the  heat  which  with  the 
condensation  of  diese  tapours  is  liberated  there,  suggests  tha  causa  of  Ala  low 
barometer. 

If  it  be  the  vapour  and  the  liherntion  of  its  latent  heat  that  cause  the  permanent 
expulsion  from  Antarctic  regions  ot  so  much  of  the  atmosphere  as  thia  curve  and 
these  obsenratiotts  indicate^  then  should  we  not  follow  the  argument  up,  and  infer 
that  the  catreme  cold  of  the  Antarctic  climate  is  hy  no  means  so  severe  as  that  of  the 
north  ? 

The  unexplored  regions  of  the  south  embrace  an  area  of  more  than  eight  million 
square  milesj  or  about  one-slith  of  the  whole  extent  of  the  dry  land  sniftcc  tiiat  it 

cont^ned  on  our  planet. 

Since  the  attem[)t9  to  penetrate  those  unknown  region**,  steam  has  been  intro- 
duced upon  the  ocean,  and  the  modern  explorer  has  at  his  command  a  power  which 
enables  him  to  defy  wind  and  tide.   Hygiene  on  board  ship  has  been  so  improvedr 

that  the  sailor  may  now  keep  the  sea  for  almost  an  indefinite  period  of  time.  The 
invention,  the  discoveries,  and  the  impro%'ernents  of  the  age,  place  in  our  hands  the 
means  of  fitting  out  Antarctic  expeditions,  and  of  endowing  them  with  powers  that 
would  have  made  any  previous  expedition  there  doubly  eSectiTe. 

Under  these  circumstances,  would  it  not  be  a  reproach  upon  the  Christian  nations, 
and  especially  upon  those  great  governments  who  have  aereed  to  unite  in  a  common 
plan  uf  physical  research  at  sea*  if  so  large  a  portion  ot  the  earth  s  surface  were 
permitted  to  remain  unexplored  ? 

Plate  III.  shows  the  furthest  reach  of  Antarctic  exploration.  The  tracks  of  Ant- 
arctic explorers,  from  Cook  down  to  the  present  day,  go  to  make  up  these  limits. 

It  is  not  the  object  of  this  paper  to  elaborate  the  views  suggested  by  the  observations 
offered  with  this  paper ;  but  rather  to  present  the  obsmattons  themselvea»  witfi 
such  explanation  as  secmocl  nrrcssary  to  enable  others  to  understand  them. 

If  1  have  succeeded  in  doing  this,  all  who  will  take  the  trouble  to  study  them  will 


Observatory,  washmgton,  11th  May,  1660. 

On  tht  Cause  of  the  Descent  of  Glaciers.    By  the  Ilev.  ITrviiY  MosiLITi 

FM.S.,  Cano7i  of  Bristol,  Inst.  Imp.  tSc,  Paris  Corresp. 

The  fact  of  the  descent  of  a  body,  when  placed  upon  an  inclined  plane,  doe  to  the 


M.  F.  Maurt. 
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variations  ia  its  temperature,  tir^t  observed  lu  the  descent  of  the  lead  which  covers 
the  toath  aide  of  the  choir  of  Briatol  Cathedral,  and  commanicated  by  me  to  the 

Royal  Society  in  the  year  1835,  I  have  since  confirmeil  by  the  following  experi- 
roent.  I  fixed  a  deal  hoard,  9  fret  !nn2:  nnd  5  inches  broad,  to  the  south  side  of  my 
house,  so  as  to  form  an  mclined  piuue,  and  upon  it  piuccd  a  sheet  of  lead,  turning 
ita  edges  down  over  the  edges  of  the  board,  and  taking  care  that  it  should  not  bind 
upon  it,  but  be  free  to  move  with  no  other  obstruction  than  that  which  arose  from 
its  friction.  The  iucl  nuUnn  of  the  board  was  IS^  32',  the  thickness  of  the  lead  was 
one-eighth  of  an  inch,  aad  its  weight  28  lbs.  The  lower  end  of  the  board  was 
brooght  opposite  to  an  upper  window,  and  a  "vernier"  was  constructed  whidi 
could  be  read  from  within,  and  by  which  the  position  of  the  lead  upon  the  board 
could  be  determined  to  the  100th  of  an  ioch.  I  began  to  measure  the  descent  of  the 
lead  on  the  1 6th  of  February,  1858,  and  recorded  it  every  morning  between  seven 
And  eight  o'clock,  and  every  evening  between  six  and  seven  until  the  28th  of  June. 

The  lead  had  descended  between  the  l6th  of  February  and  the  30th  of  April  (a 
period  of  seventy-four  days)  10*61  inches,  being  an  average  daily  descent  of  '1433 
inch.  On  the  4th  of  May  it  was  drawn  up  the  board  again  to  its  first  position. 
Between  that  date  and  the  S8th  of  June  (a  period  of  fifty-five  days)  it  had  descended 
1 1'97  inches,  being  an  average  daily  descent  of  '2176  inch.  Ita  descent  waa  far 
from  uniform,  being  un  some  days  scarcely  (if  at  all)  perceptible,  and  on  others 
amoanting  to  nearlv  half  an  inch.  The  mmtage  daily  descents  in  successive  monflu 
from  Febroary  to  Jone  were  In 

inch. 

February   * 10000 

MardL   '13806 

April  

May   '21500 

June   -21888. 

Kvrry  imrialinii  in  the  trmprratare  of  i\\v  lead  contrihutecl  to  its  descent.  ThO 
cxtrcoie  temperuLurca  ul  the  day  and  the  uigUt  cuuid  nut  therelure  determine  its 
daily  motion ;  for  with  the  same  extremes  of  day  and  night  temperatnre,  there  may 
be  great  differences  in  the  number  and  amount  of  the  intervening  variations  of  tem- 
perature. It  is  the  cfTect  of  these  daily  variations  of  temperature,  up  and  down,  by 
which  the  descent  of  the  lead  totalizes.  Although,  therefore,  we  are  to  look  for  the 
ioflaenee  of  the  extremes  of  day  and  night  temperature  npon  the  daily  descent,  we 
are  also  to  look  for  that  of  the  variations  between  each  two  extremes.  I  accordingly 
remarked  that  it  was  on  days  when  a  thermometer  in  the  sun  varied  its  height 
rapidly  and  often,  that  the  lead  descended  most.  On  the  contrary,  when  the  sky 
was  open  and  the  heat  advanced  and  receded  niiiformly,  the  descent  was  less,  although 
the  difTetence  of  the  extreme  temperatures  might  be  greater.  It  was  least  of  all 
when  there  was  continuous  rain.  During  the  night  the  descent  of  the  lead  was 
often  imperceptible.  I  have  explained  the  descent  of  the  lead  in  a  paper  pablilhed 
in  the  '  Prooecdings  of  the  Royal  Society  *  for  April  1855. 

If  we  suppose  tlie  sheet  of  lead  to  become  ice,  and  its  dimensions  to  be  increased 
20,000  times,  and  if  for  the  board  on  which  it  rests  we  substitute  a  mountain  side  lying 
nt  a  slope  of  18i^,  we  shall  have  a  glacier  H  mile  broad,  200  feet  deep  and  84  miles 
long,  and  which  in  no  other  respect  than  as  it  regards  its  length  will  be  anexaggera* 
tinn.  I^y  converting  the  lead  into  ice,  its  physical  properties  will,  however,  have  been 
in  some  important  particulars  clianged.  It  will  have  become  twice  as  dilatable  as  lead 
is,  that  is,  it  will  dilate  twice  as  mach  by  a  given  variation  of  temperatnre  when  on- 
opposed  as  lead  does*.  It  will  have  berame  a  more  elastic  substance  than  le«dis»tlint 
is,  it  will  he  capable  of  overcoming  a  greater  force  opposed  to  its  dilatation  under  a 
given  change  ot  temperature.  It  will  have  lost  its  ductility  and  have  become  friable, 
that  is,  its  parts  will  have  become  more  liable  to  separation  from  one  another  and 
its  mass  to  disintegr^on.  But,  together  with  the  last- mentioned  quality,  it  wilt 
have  acquired  the  property  (called  regelation)  of  easily,  and  under  a  moderate  press- 
ure, returning  from  a  state  of  disintcgratiou  to  one  of  solidity  ;  which  quaUties  of 

*  See  tlie  experiments  of  Schumacher  at  Pultowt,  as  detailed  in  the  paper  of  W.  Struve, 
"  Sur  la  diUiatioa  de  U  Uiacc,"  Mem.  de  rAcddemle  de  St.  Petersboorg,  ter.  6.  lom.  iv.  ItiiS, 
1860.  ^ 
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friability  aad  revelation  have  been  showo  by  the  experiments  of  Professor  Tvndall 
to  be  aulBcieDt  (the  reqnttite  force  "a  tergo"  being  supposed)  to  aeeooiit  for  its 

crushing  its  way  through  contractions  in  its  channel,  and  reconstructing  itself  at  the 
bottom  of  ice- cataracts.  Now  such  n  (^lacier,  if  it  be  supposed  penetrable  to  external 
heat  as  lead  is,  could  not  but  descend  as  lead  does.  In  its  descent  portions  of  it 
ivoold  be  thrast  forward  and  eompresaed*  and  others  would  be  dragged  behind  and 

crevassed.  The  melting  of  the  lower  part  of  such  a  glacier  would  favour  its  descent 
as  compared  with  the  lead  whose  mass  remnins  unchanged.  All  t>ic?e  conditions 
might,  however,  be  influenced  by  variations  in  the  form  of  its  channel  and  the  incli- 
nation of  its  bed.   Its  motion  wonid  be  like  that  of  a  snail  dinging,  bat  desoeading. 

The  whole  question,  however,  dopond^  upni^  tlie  penetrability  of  the  glacier  to 
CTteniEil  licat.  On  this  jxjint  wo  hu\e  the  high  authority  nf  J^rofessor  Forbe?, 
founded  on  three  series  of  obsci  vatious  on  the  xnotiotis  of  the  Mer  de  Glace  antl  the 
Glaciers  dcs  Boesons  and  dee  Bois.  Of  these  observations,  made  in  the  summers  of 
1842  and  1844,  he  has  rccnrdcrl  the  results  in  his  'Travels  in  Savoy'  (2nd  ed. 
p.  141),  and  in  his  recent  work  entitled  '  On  the  Theory  of  (ilaoers'  (p.  131)  ;  and 
he  has  compared  tbcm  with  the  mean  dail)'  tetiiperatures  of  the  air  as  recorded  at 
Geneva  and  the  Great  St.  Bernard.  He  has,  moreover,  represented  the  rriatioa 
between  the  avcrriE^e  daily  motions  of  these  glaciers,  and  the  avcrat:;r  daily  tempera- 
tures of  the  air  at  the  corresponding  periods  by  means  of  diagrams,  which  it  is  im- 

Eossible  to  look  at,  however  cursorily,  without  being  struck  with  the  fact  (not  to  be 
rtter  expressed  than  in  the  words  of  Mr.  Forbes  hisBself),  that  they  establish  a 
"  rln^p  relation  between  the  mean  temperature  of  any  portion  of  tlie  year,  and  the 
velocity  of  the  glacier  corresponding  to  it  Moreover,  it  is  not  only  on  the  8ur> 
face  of  the  glacier  that  this  relation  may  be  considered  to  have  been  observed.  The 
glacier  moves  witlk  different  velocities  at  diffierent  depths;  bat  all  are  related  to  its 
surface  motion,  so  that  the  influence  of  varirition*?  of  temperature,  if  felt  on  its  sur- 
face, must  penetrate  throughout  its  depth.  Being  dilatable  as  lead  is  (but  in  a 
higher  degree),  and  being  tiras  shown  to  be  sensible  to  variattons  of  temperature 
throughout  its  mass,  it  cannot  but  descend  as  lead  under  the  like  circnmstanoss  dots. 
Every  variation  of  temperature,  however  slight,  cannot  but  produce  a  corre?pon(!ing 
descent,  and  such  small  variations,  often  enough  repeated,  might  produce  a  descent, 
however  great,  even  although  at  each  change  the  glacier  retamed  to  the  sane  tcm* 
pcrature.  The  <»cillation  the  heat  backwards  and  forwards  is  all  that  is  reqnirsd. 
For  the  purpose  of  this  arc:vimcnt,  the  fact  that  a  relation  exists  between  the  motion 
of  a  giaaer  and  the  external  temperature  is  aU  that  is  required.  It  is  not  necessary 
to  enter  oa  a  ifiscnssion  of  the  causes  ont  of  which  that  iclatioii  aiisss* 


On  Meieorohffietti  (^tenaiumifor  1859,  made  at  Huggate,  YaMiHn^  Bait 

JRUdkig.  By  lAe  Key.  T.  Ramkih. 

This  communication  was  in  continuation  of  similar  observations  and  general 
remarks  fiiraished«  by  the  same  author,  to  the  Association  for  upwards  of  twen^ 

years. 


On  Tkermo-harometers,  compared  unih  BaromeUn  aignai  Hmg^ 

By  M.  R.  de  Schlagtntweit. 

M.  Robert  dc  Prhlngintweit  communicated  some  of  the  fpsmltn  which  he  had  dr* 
duced  from  comparisons  of  the  boiiiog-point  with  direct  barometric  readings.  These 
obssrvatioiis,  tuten  by  hie  brothers  and  himself  during  their  journeys  in  India,  the 
Himalaya,  8cc.,  at  venous  heights  and  different  periods,  were  chiefly  made  to  test  tyy 
direct  experiment?  the  correctness  of  the  tables  of  the  boiling-point  of  water  cone- 
sponding  to  barometric  pressure,  of  which  the  latest  and  the  most  detailed  ones  are 
those  of  Magnus,  Regnault,  and  Merits* 

Dirset  observations  bad  been  previously  made  in  India,  particularly  by  Colonel 
Sykp'i  ;  in  America,  Mr.  Wisse  made  such  experiments  up  to  14,000  feet;  in  Hfcrh 
Asia,  Messrs.  de  Schlagintwcit  had  occasion  to  carry  on  such  observations  up  to 
heights  exceeding  18,600  feet. 

A  resulting  Table  of  oompariton  was  presented,  an  exanunatlon  of  which  showad 

*  Forbes  Theoiy  of  Ghwieii»  p*  130. 
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that,  for  all  practical  purposes,  the  tables  quoted  above  are  quite  accurate  enough, 
though  for  great  heiglit^,  they  contain  an  error ;  the  correction  to  be  applied  is 
■mall,  and  addithm.  The  instruments  with  which  Mttsrs.  de  Schlagintweit  made 
their  observations,  were  crprcpHly  made  for  the  purpose ;  they  ranged  from  100°  Cels. 
to  78'^  Ceis.,  but  had  a  length  of  1  foot  9  inches,  so  that  it  was  possible  to  divide 
each  degree  into  fifty  parts  directly.  M.  de  Schlagintweit  drew  attention  to  the 
accuracy  of  the  reanlts  obtainable  by  these  delicate  thcnno-barometers,  which,  as 
far  as  his  eTpcrience  goes,  he  considered  to  be  quite  comparable  to  the  baromeler,  if 
used  with  ali  the  neces«a^  precautions,  though  for  daily  variationa  the  barometer 
is  prefereble  on  •ccomut  of  tne  grater  fiuality  d  reading.  Tlie  circQOtttince  tiiat 
the  thermo-barometer  is  much  Icaa  liable  to  get  Ottt  d  oraer»  maicea  it  a  moat  vahi* 
able  ioatnimcnt  for  travellers. 

I.  de  Schlagintweit'e  Companion  of  Boiling-points. 


N^.-tif  of  ihc  pl»ce  of 
obtcrvauun. 


Thermo- 
baromct<rr 
KMiinn, 
C.  * 


SimulUneouB  ban>- 
uutnt  mdiaft* 


MUU. 


Mill)  ma. 
reduced  to 
boiling' 

C*esntwt> 


CovNc^ioa 
ia 

C. 


Group  I.— 10(P  to  9GPi  Oonoetioii  -0^09  of  the  Thermo- barometer*. 

??nm                              1856,  April  7   97^9  704  6  9/90  -0*'09 

Keterb4)                       Iti55,  Sept.  IS    I»6  M  6757  9675  -0^ 

PeiAia  '                     im,  Sept.  It    H*n  m-B  96  66  -0O7 

Okimath                        1855,  Sept.  15    95-86  662-9  &5-81  -004 

Okimath                        1855,  Sept.  16    95  85  651-7  95  7G  -009 

Group  II. — 96*99  to  94  :  Correction  -O^  iO  of  the  1  hermo-barometer. 


Thdstmatb  |  1855,  Sept  9 

Pandak^r.  I  1855,  Sept.  8 

Th6simath  I  1855,  Sept.  9 


Gaurikund 
Gauriki&nd  

G.tiirikund  

Cj  1 1 1  n  a  1 1   

Simla   

Trichugi  Naridn 


1855,  Sept.  84 
1855,  Sept.  23 
1855.  Sept.  19 

1855,  Sept.  29 

1856,  Apnl  12 
1855,  Sept.  24 


94-06 
93-99 

9398 
93  78 
9373 
93-64 
9313 
93  00 
92-96 


6082 
607-0 
6083 

6(11  2 
601-0 
587-3 
585-7 
5852 


I 


98-99 

93-89 
93-84 
93-67 
93-58 

9367 
92-95 
92-88 
92-86 


-<M)7 
-010 
-014 
^0-11 
-0-15 
-0  07 
-018 
-0-12 
-0-10 


Group  IlL— 93-99  to  92:  Oorreotion-(y-ll  of  the  Thcrmo-barometer. 


Mioasiura .. 
BUrinalh 

BAflrinath  .< 
B&drinath  .. 
llAogaPasa 
MAna  


1855,  Sept.  28   

1865,  Sept.  7  

1855,  Sept.  5  

1856,  Sept.  6  

1858,  Sept.  26   

1888,  Aug.  S8  

Gnmp  to  90 :  Correotion— (P'lS  of  the  Thermo-barometer. 


90-76 
80-80 
90-18 
90-12 
88-87 


687-9 
897-8 
526-6 
626  6 
890-0 
819-1 


90  62 
90-10 

90  01 
8979 


-0-14 
^0-10 
-0T2 
-O-ll 
-0-14 
^0-19 


Kidarnath 
Ki  llama th  , 
ShemUiik 


1855,  Sept.  20 
1866,  Sept.  20 
1855,  June  II.. 

1855,  June  14., 


Laplil  

Loanka   '  1855,  July  7 

Group  V. — 89  99  to  81  :  Correction  —0^*13  of  the  Thermo-barometer. 


88^8 
88-67 
87-69 

8670 
84-72 


498-1 
497-8 
477-9 

459-6 

425-9 


88-61 
88-69 
87-49 
86-63 

8158 


0-07 
-U-08 
-0-17 

-0  14 


Jbi  G6min   I  1856,  Aug.  16 

Janti  Paaa   1855,  Julv  10 


J/inti  Pa«"*   

Jbi  Gimiu  Fast 


1855,  July  9  . 
1855,  Aug.  18. 


83  02 
82-20 
82- 16 
81 -6C 


397-7 
385-6 

385-5 

376-6 


82-86  1-0-17 

8207  I  -013 

82  07  1-0  09 

81-42  -0-14 


•  Tlie  corrections  of  the  tbormo  haronictrr,  at  the  (liffercnt  groups,   nrf  vnluet 

obtained  by  fundamental  determinations.  These  detenu inationi  will  be  given  in  detail  in 
toL  iL  of  Mcma.  de  Schl«|^ntweit'i  •  India  and  Hi|^  Asia,'  1861. 
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On  PracHcal  Experience  of  the  Law  of  Storms  in  each  Quartet  of  the  Globe. 

By  Captain  W.  Parker  Snow. 

From  practical  experience  in  several  parts  of  the  giobe«  Captain  Soow  confirmed 
the  aonndneM  of  the  theory  of  the  Law  of  Storms  brought  forward  by  Admiral 

FitzRoy.  In  one  place,  well  known  to  the  Admiral,  viz.  the  tempestuous  seas  about 
Cape  Horn,  he,  Cnpt.  F^now,  had  cruised  for  two  years  without  the  smallest  damage 
to  his  vessel,  und  tlus  owing  to  the  attcution  be  ever  paid  to  those  laws  of  nature 
in  eofinetion  with  wind  movements. 

On  another  occasion,  ofF  the  coaat  of  Australia,  he  preserved  his  little  ship,  by 
similar  attention,  in  a  terrific  gale,  when  at  the  same  time  several  other  ves^i^ls  were 
wrecked.  He  well  remembered  how  his  chief  officer  derided  the  idea  of  any  storoi 
theory  l]«ing  true,  and,  when  referred  to  Reid  and  other  stormists,  said  he  had  new 
heard  of  them,  and  did  not  believe  in  what  they  might  say.  But  that  same  night 
the  mate  was  convinced  when  the  gale  took  the  turn  predicted  by  the  captain. 

One  more  occasion  Cupt.  Snow  would  refer  to.  lie  was  coming  home  as  passen- 
ger in  a  sdiing  shi p ;  it  was  in  the  end  of  1 856.  Within  a  few  days'  sail  from  England 
a  cvctone  came  down  upon  tlirm.  Clearly  it  wa=:  pa-sinr^  ahead,  and  Cajit.  Snow 
advised  his  brother  captain  to  adopt  those  measures  which  prudence  then  suc^csted, 
and  allow  the  centre  to  go  by.  After  some  argument  this  was  done ;  but,  to  con» 
Tince  the  master  of  the  ship,  (  'apt.  Snow  said  that  tlie  correctness  of  his  view  of  the 
cnsr  thrn,  would  be  proved  by  the  direction  of  the  wind  at  that  time  in  tho  South  of 
England,  which  should  be  opposite  to  what  they  had  it.  Four  days  afterwards  they 
took  a  pilot,  and  ascertained  it  to  have  been  exactly  so. 

NoTB. — The  above  is  merely  the  substance  of  remarks  made  when  Admiral  fitzRoy  read 
his  paper.  They  ftorm  the  outline  of  what  was  read  on  a  following  dqr»  by  Gsptsia  Snow^ 
when  he  entered  upon  detsils. 

Results  of  an  luvestigaiioji  into  Uie  Phenomena  of  English  Thufuier-storms 
during  Ae  ffean  1857-59.  By  G.  J.  Stmoms. 

This  paper  contained  an  analysis  of  1889  obserratbns  made  in  various  parts  of 
England  daring  the  three  years  ending  December  3tst,  1859. 

The  average  number  of  days  on  which  thunder-storms  occnrred  at  one  or  mote 
stations  was  121«  the  number  of  days  in  each  month  being — 


January   3  April   12 

February   2  May  18 

March. .'   6  June   20 


July   13  October   10 

August   14  November  

September  .  . .     12  j  Deceiubir   5 


The  effect  of  thunder-storms  on  the  various  meteorological  instruments  was  exa* 
mined  and  described,  special  attention  beiog  drawn  to  those  sudden  oscillations  of  the 
barometer  which  occur  during  the  height  of  a  storm,  and  which  have  been  found  by 
Mr.  Eaton,  of  Little  Bridy,  to  be  cootcmporftnemis  with  tidal  disturbances.  The 
shape,  colour,  and  disruptive  force  of  lightning  were  also  treated  in  detail,  the 
frequency  with  which  it  assnmes  a  globofar  form  being  proved  by  the  number  of 
cases  in  which  it  is  so  described :  the  determination  of  colour  was  not  perfectly 
satisfactory  ;  the  returns  takpn  r^rnerally  show  that  forked  lightning  is  n'^ually  blue, 
sheet  lightning  being,  on  the  contrary,  white.  Mr  Symons,  however,  supposes  that 
the  colour  may  vary  with  the  distance  of  the  disehai^  from  the  observer,  with  the 
density  of  the  air  through  which  it  passes,  and  with  the  existence  or  non*existencc  of 
other  sources  of  illumination;  but  the  HolijVct  is  quite  open  to  investigation:  the 
disruptive  force  was  ^hown  to  be  often  equal  to  a  dead  weight  of  I>UO  tons. 

The  advantage  of  employing  the  gutters  and  raio-water  pipes  of  private  honsea 
as  lightning  conductors,  by  establishing  perfect  communication  with  the  earth,  and 
at  the  same  time  carrying  a  short  rod  from  the  gutter  up  t)ie  side  of  the  chimneys, 
was  discussed  ;  the  author's  opinion  being  that,  aJtliough  lar  from  a  perfect  arrange- 
ment, it  would  determine  the  discharge  to  the  outside  of  the  house  rather  thaa 
inside,  its  most  fre([ucnt  cr)urse  ;  and  from  itri  trifling  co^t  it  Seems  moreadapted  for 
general  use  than  the  expensive  forms  hitherto  employed. 
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Hoieg  an  Aimwpherie  EUdricity. 
^Plrofesdor  William  TnoH%ovt,LL*D^  F,R*S» 

Two  water-dropping  collectors  for  atmospheric  electricity  were  prepared,  and 
plnceH,  one  at  a  window  of  the  Natural  I'hiluiophy  Lecture-room,  and  the  other  at 
a  window  of  the  College  Tower  of  the  Univeralry  of  Glasgow.  A  divided  ring- 
dcetrometer  was  used  at  the  last-mentioDed  atabon ;  an  eleetrometer  adapted  for 
absolute  measurement,  nearly  in  the  form  now  constructed  as  an  ordinary  house  elec- 
trometer, was  used  in  the  kxture-rooin.  Four  ^'tiflents  of  tlic  Natural  Philosophy 
Class,  Messrs.  Loriiucr,  Lyon,  M'Kerrow,  and  Wilson,  ulUi  imviug  persevered  ia 
preliminary  «cperinients  and  arrangements,  from  the  month  of  November,  devoted 
themselves  with  much  ardour  and  constancy  during  February,  March,  and  to 
the  work  of  observation.  During  periods  of  observation,  at  various  time-^  of  t!ay, 
early  and  laic,  measurements  were  completed  and  recorded  every  quarter- minute 
or  every  half-minute;  the  contional  variationi  of  the  phenomenon  rendering  soli- 
tary observations  ahnost  nugatory.  During  several  hours  each  day  simultaneous 
obscrvatiou  was  carried  on  on  tliis  plan  at  the  two  stations.  A  comparison  of  tlie 
results  mauifeated  often  great  discordance,  and  never  complete  agreement.  It  was 
tbtts  ascertained  that  electrification  of  the  air,  if  not  of  aolid  particles  in  the  air 
(which  hnvr  no  claim  to  exclusive  consideration  in  this  respect),  between  the  two 
stations  and  round  tbero,  at  distances  from  them  not  very  great  in  comparison  with 
their  mutual  distance,  was  largely  operative  in  the  observed  phenomena.  It  was 
generally  found  that  after  the  indications  had  been  negative  for  some  time  at  both 
stations,  the  transition  to  positive  took  place  earlier  by  several  minutes  at  the 
tower  station  (upper)  than  at  the  lecture-room  (lower).  Sometimes  during  several 
minutes,  preceded  and  followed  by  positive  indications,  there  were  negative  indica- 
tions at  the  lower,  while  there  were  only  positive  at  the  upper.  In  these  cases  the 
circumambient  air  must  have  conta-n  d  negative  (or  resinous)  electricity.  A  hori- 
zontal stratum  of  air  several  hundred  feet  thick  overhead,  if  containing  as  much 
positive  electricity  per  cubic  foot  as  there  roust  have  been  of  negative  per  cubic  foot 
of  the  air  about  the  College  buildings  on  those  occasions,  would  produce  electrical 
manifestations  at  the  earth's  surface  similar  in  character  and  amount  to  those  ordi- 
narily observed  during  fair  weather. 

Beccaria  has  remarked  on  the  rare  occurrence  of  negative  atmospheric  Indications 
daring  fair  weather*  of  which  he  can  only  record  six  during  a  period  of  fifteen  years 
of  very  persevering  observation  by  himself  aiul  the  Prior  Ceca.  On  some,  if  not 
all  of  those  occasions,  tbei  e  was  a  squally  and  variable  wind,  changing  about  rapidly 
between  N.E.  and  N.W.  On  several  days  of  unbroken  fair  weather  in  April  and 
May  <^  the  present^ear  the  atmospheric  indication  was  negative  during  short  periods, 
and  on  each  occasion  there  was  a  sudden  change  of  wind,  generaHy  from  N.E.  to 
N.  W.,  W.,  or  S.W.  For  instance,  on  the  3id  of  May,  after  a  warm,  sunny,  and  very 
dry  day,  with  a  gentle  N.E.  breeze  and  slight  easterly  haze  in  the  ur,  I  found  about 
8*30  P.M.  the  expected  positive  atmospheric  indication.  After  dark  (nearly  an  hour 
later)  it  was  so  calm  that  I  was  able  to  carry  an  unprotected  candle  into  the  open 
air  and  make  an  observation  with  my  portable  electrometer.  To  ray  surprise  I 
found  a  somewhat  strong  negative  indication,  which  I  observed  for  several  minutes. 
Although  there  was  no  sensible  wind  in  the  locality  where  1  stood*,  I  perceived  by 
the  line  of  ■'tiioke  from  a  high  chimney  at  some  distance  that  there  was  a  decided 
breeze  from  \V.  or  S.W.  A  little  later  a  gentle  S.W.  wind  set  in  all  round,  and 
with  the  md  of  a  lantern  I  found  strong  positive  indications,  which  continued  as  long 
as  I  observed.  During  all  this  time  the  sky  was  cloudv,  or  nearly  so.  That  re- 
versed  electric  indications  '-hfudd  often  be  obi-erved  about  the  time  of  a  change  of 
wind,  may  be  explained  wulx  a  considerable  degree  uf  probability,  thus  : — 

The  tower  air  up  to  some  height  above  the  eartii  must  in  general  be  more  or  less 
electrified  with  tlie  same  kind  of  ilcctricit  v  that  of  the  earth's  surface,  since  this 
reachp'^  n  liieh  degree  of  intensity  on  every  tree-top  and  vegetable  hbre,  and  must 
therefore  cause  always  more  or  le;^!i  of  the  phenomenon,  which  becomes  conspicuous 
as  the  "  light  of  Castor  and  Pollux,"  known  to  the  ancients,  or  the  "  fire  of  St. 
Elmo*'  described  by  modem  sailors  in  the  Mediterranean*  and  which  consists  of 

*  About  six  milei  south  of  Gbigow 
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flow  of  elcctridtf  of  fbo  %M  |NiMe«sed  by  the  ctrth  into  the  air.   Hence,  in  fair 

weather  the  lower  air  must  be  npgative,  although  the  atmospheric  potential,  even  close 
to  the  earth's  surface,  is  still  generally  positive.  But  if  a  considerable  area  of  this 
lower  stratum  is  carried  upwards  into  a  column  over  any  locality  by  wind  blowiog 
Inwafdl  from  different  directions,  its  effect  may  for  a  time  predominate,  and  give  rise 
to  a  negative  potential  in  the  air  and  a  positive  electrification  of  the  p.irth's  surface. 

If  this  explanation  is  correct,  a  whirlwind  (such  as  is  often  experienced  on  a  small 
scale  in  hot  weather)  must  diminish,  and  may  reverse  the  ordinary  {)ositive  indication. 

Since  the  beginning  of  the  present  month  I  have  had  two  or  three  opportunities  of 
observing  electrical  indications,  with  my  portable  electrometer,  during  day  thtindor- 
storms.  I  commenced  the  observation  on  each  occasion  after  having  heard  thunder, 
and  I  perceived  frequent  tmimlBN  on  the  needle  which  caused  it  to  vibrate,  indicating 
sudden  changes  of  electric  potential  at  the  place  where  I  stood.  I  could  connect  tlie 
larger  of  these  impulses  with  thunder  heard  some  tirac  latrr,  with  about  the  same  de- 
gree of  certainty  as  the  brighter  flashes  of  lightning  during  a  thunder-storm  by  oight 
are  usually  recognized  as  mitinctly  connected  wttt  distiniet  peals  of  thunder.  By 
counting  time  I  estimated  die  (Ustaooe  <tf  the  discharge,  not  nearer  on  any  occasion 
than  about  four  or  five  miles.  There  were  besides  many  smaller  impulses,  and  most 
freouently  1  observed  several  of  these  between  one  of  the  larger  and  the  thunder  with 
wMdi  I  eoniMcUd  it.  lbs  frequency  of  these  smaller  diBtarbances,  whicb  sometittcs 
kept  the  needle  in  a  constant  state  of  flickering,  often  prevented  me  from  identifying 
the  thunder  in  connexinn  wi^h  any  particular  one  of  the  impulses  I  had  observed. 
They  demonstrated  countless  discbarges,  smaller  or  more  distant  than  those  that  gave 
fisa  to  aodibte  thnoder.  On  none  at  tiiese  occasions  have  I  seen  any  lightning. 
The  abaolnte  potential  at  the  position  of  the  burning  match  was  sometimes  positive 
and  sometimes  negative  ;  and  the  sudden  change  demonstrated  by  the  impulses  on 
the  needle  were,  so  far  as  I  could  judge,  aa  often  augmentations  ot  oositive  or  dimi- 
irations  of  negative,  as  diminotions  of  positive  or  aogmentations  or  negative.  This 
afternoon,  for  instance  (lliursday,  June  28),  I  heard  several  peals  of  thunder,  and  I 
found  the  usual  abrupt  changes  indicated  by  the  electrometer.  For  several  minutes 
the  absolute  potential  was  small  positive  with  two  or  three  abrupt  changes  to  some* 
what  strong  positive,  falling  back  to  weak  positive,  and  gathering  again  to  a  discbarge. 
This  was  precisely  what  the  same  instrument  would  have  shown  anywhere  within  a 
few  yRfds  of  an  electrical  machine  turned  slowly  so  as  to  cause  a  slow  succession  of 
sparks  from  its  prime  conductor  to  a  conductor  connected  with  the  earth. 

I  have  repeatedly  observed  the  electric  potential  in  the  neighbourhood  of  a  loco* 
motive  engine,  at  work  on  a  railway,  soractinu  s  by  holding  the  portable  electromelcr 
out  of  a  window  of  one  of  the  carriages  of  a  trai  ti,  sometimes  by  using  it  while  stand- 
ing on  the  engine  itself,  and  sometimes  while  standing  on  the  ground  beside  the  line. 
I  nave  tiius  obtained  consistent  results,  to  the  effect  that  the  steam  from  Uie  funnd 

was  nlrraya  nrqntxvp,  nnd  the  stk-am  from  the  snfctv-valve  always  positive.  I  have 
observed  extremely  strong  effects  of  each  class  from  carriages  even  far  removed  from 
the  engine.  I  have  found  strong  negative  indications  in  the  air  after  an  engine  had 
disappeared  round  a  curve,  and  its  cload  of  steam  had  dissolved  out  of  sight. 

In  almost  every  part  of  a  large  manufartory,  with  steam-pipes  passing  through 
them  for  various  heating  purposes,  I  have  found  decided  indications  of  positive  elec- 
tricity. In  most  of  these  localities  there  was  some  slight  escape  of  high  pi  eabure 
steam,  which  appeared  to  be  the  origin  of  the  positive  indications. 

These  phenomena  seem  in  accordance  with  Faraday's  observations  on  the  electricity 
of  steam,  which  showed  high  pressure  steam  escaping  into  the  air  to  be  in  general 
positive,  but  that  it  was  negative  when  it  carried  globules  of  oil  along  with  it. 


NutB  Oft  Ifte  Dispersion  of  the  Planes  of  Polarization  tk$  Coloured  Ra^fM 
produced  by  the  Action  of  Magnetituu  By  M.  Vbrdbt,  J^mit, 
The  researches  in  which  I  have  been  for  some  years  engaged  upon  the  magnetic 
relations  of  the  plane  of  puiarizatton,  •discovered  as  we  all  know  by  Mr.  Faraday, 
have  naturally  led  me  (o  eiamioe  how  these  relations  vary  with  the  waHtre,  or,  using 
Hieoretitial  language,  with  the  length  of  the  undulation,  of  the  light.  The  expert* 
mental  mtfliod  which  I  have  employed  is  the   ainl  msthod  introduced  inio  science 
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by  MM.  Fizeaa  and  Koucault,  which  consists  in  decomposing  the  white  !ight  after 
it  has  traversed  the  apparatus  in  which  it  has  suffereil  a  ccrtam  modihcatioa ;  and 
ia  fnnuning  how  this  modification  varies  from  one  extfemity  to  the  otiier  of  tiio 
gpcctnim  thus  obtained,  selecting  eBpecially,  for  the  numerical  measure  of  the  rela- 
tive etfect,  the  seven  principal  rays  which  Frauaholer  has  defined,  arul  the  length 
of  those  undulations  he  has  determined.  As  the  exact  determination  ot  the  positioa 
of  A  pluioof  polvbatton  reqairw  that  the  light  shall  have  a  certain  intensity,  I  hm 
been  nhii;rcd  to  confine  myself  to  oMMghog  tba  folationa of  beams  wUdi  oomapaiid 
with  live  rays,  C,  D,  E,  F  and  G. 

As  in  my  previous  researches,  in  order  to  operate  upon  certain  bodies  weii  de- 
flned  and  easily  reprodaced,  I  have  always  experimented  upon  liquida,  contained  in 
tubes  closed  nt  their  extremities  by  transparent  plates  ;  placing  these  tubes  in  the 
interior  of  a  strong  electro- magnetic  coii,  and  so  arranged  that  their  two  ends  nhnU 
sufficiently  pass  the  edges  of  the  coil,  to  obviate  the  necessity  of  taking  into  account 
the  action  which  die  tnueparent  platce  themselves  might  exercise  on  polsmed  light. 
But  under  these  condition?  the  employment  of  a  powerful  current  WftS  rendered  ab- 
solutely necessary  by  the  feebleness  of  the  pbeuoiuenai  and  the  nature  of  the  experi- 
ments requiring  tliat  each  liqaid  should  remun  for  a  long  time  under  observation^ 
•a  elevation  of  temperature  was  produced  which  easily  reached  50°  or  OOP  Centigrade^ 
and  which  produced  a  contraction  of  the  rotations  observed*  which  it  was  very  dlA* 
cult  to  correct. 

The  only  way  of  avoiding  this  soQice  of  error,  was  to  place  the  tobe  containins  the 
liquid  in  an  annular  collar  continually  tnversed  by  a  stream  of  cold  water  within 

the  electro-magnetic  coi!,— a  considerable  complication  to  the  apparatus. 

The  coil  which  I  employed  was  not  less  than  45  centimetres  in  length,  15  ^ti- 
metres  in  htteraal,  and  30  centimetres  in  external  diameter*  It  contained  more  than 
80  kilogrammes  <^ copper  wire  2  25  millimetres  in  diameter,  and  Was  set  in  action 

by  a  Bunsen's  battery  of  twenty  or  thirty  elements. 

I  have  not  yet  quite  finished  my  experiments,  but  I  am  now  in  a  position  to  esta- 
blish one  resolt,  which  does  not  appear  to  me  to  be  unworthy  of  being  commont* 
cnted  to  Ihe  Association.  M.  Wiedemann,  in  a  note  published  m  1851,  believed  that 
be  might  deduce  from  a  small  series  of  experiments,  that  if  one  submitted  to  the 
action  of  magnetism  a  substance  capable  of  itself  of  turning  the  plane  of  polarization, 
•Qch  as  die  spirit  of  turpentine  or  essential  oil  of  lemon,  &e  rotation  proper  to  the 
sohstance  and  the  magnetic  rotation  were  proportional  to  one  another  through  all 
the  colours  of  the  spectrum.  In  order  to  submit  to  a  decisive  proof  this  law,  which 
would  be,  were  it  true,  ot  immense  theoretical  importance,  I  have  just  examined  an 
extreme  case,  that  of  tartaric  acid.  We  know  that  solutions  of  tus  add  induce  in 
the  planes  of  poIariz«ittnn  rotations  which  do  not  increase  from  the  red  to  the  *riolet, 
as  in  ordinary  cases,  but  which  present  in  the  interior  of  the  spectrum  a  maximuiai* 
whose  exact  position  varies  with  the  strength  ot  the  soiutioo.  Were  the  relations 
admitted  by  M.  Wiedemann  correct,  the  magneHe  rotations  of  tartaric  acid  should 
present  the  same  anomaly.  My  experiments  have,  however,  proved,  on  the  contrary, 
that  the  magnetic  rotations  in  different  solutions  ul  this  acid  aUvays  increase  from 
the  red  to  the  violet.  There  is  no  essential  relauou  between  the  two  orders  of  phe- 
nomena, as  there  is  no  analogy  between  their  causes* 

On  the  other  hand,  mv  e'cpertrnents  -how  how  the  two  phenomena  may  have  ap- 
peared in  some  cases  proportional.  They  show,  in  fact,  that  in  all  cases  the  mag- 
netic rotations  of  the  plane  of  polarization  increase  very  rapidly  from  the  red  to  the 
violet,  but  that  the  product  of  the  rotations  by  the  square  of  ths  Isngth  «Kr  the  «n» 
dulations,  increase  very  slowly  hctween  the  same  limits;  and  one  recngnizeg  in  this 
announcement,  that  which  experiment  has  long  ago  demonstrated  in  most  of  tiie 
natural  rotatory  powers. 


Besultt  of  Self-registering  Hygrometers,   By  E.  Vivian,  M^A.^  Torquay, 

Mr.  Vivian  reported  to  this  Section  a  series  of  obeervations  made  with  his  nevr 

self-registering  hygrometers,  which  were  first  exhibited  before  the  Association  at  Its 
Cheltenham  meeting.  One  is  a  combination  of  the  ordinary  wet  and  dry  bulb  and 
the  differential  thermometers,  registering  the  maxxmtm,  and  vMninmrn,  or  range  (iuna|f 
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any  period  t  fiitotlier,  by  the  continuous  precipitation  of  the  vapour  from  aloibol,  re- 
cords the  mean  amount  of  difFerenre  between  ihe  wet  nn<l  dry  bulbs.  The  cunre«  iaid 
down  from  these  ia»truments  varied  very  greatly  from  that  of  the  ordinary  obsena- 
tioot  at  9  A.M.  The  iBatntiiifntB  arc  very  simple,  and  not  capable  of  derangement. 
Curves  were  also  exhibited  showing  the  character  of  the  climate  of  Torquay  during 
a  long  series  of  ycnr^;,  from  observations  periodtrn'lv  rnmmunicated  to  the  Rcgistrnr- 
Ucneral.  The  comparibun  with  the  average  oi  utlar  places  in  England  showed  the 
dimate  of  South  Devon  to  be  veiy  mnch  more  equable,  both  io  regard  to  temperature 
and  humidity.  The  summers  are  as  much  cooler  as  the  winters  are  more  mild. 
The  fall  of  rain  is  rather  greater,  but  the  number  of  wet  days  is  less.  Other  cur\  ps 
exhibited  the  degree  of  confidence  to  be  placed  in  the  barometer  in  prugoosticaung 
duwgn  in  the  weather,  and  the  infl«»iee  of  tiie  aoon,  which  waa  only  dtacoverabli 
in  the  mora  diatarbed  atate  of  Uie  atmoaphere  at  the  timca  of  the  apring  tides. 


JRestUts  of  2 en  Years'  Meteorohgtcal  Ohservalwns  at  StonyhurA, 

By  the  Rev,  A.  Weld. 

Stonyhurst  College  is  situated  in  the  county  of  Lancashire,  in  lat.  53^  SO'  40^  N.« 
and  long.  9°  52'  W.  It  standa  at  an  elevation  of  380  feet  in  the  S.E.  vicinity  of 
Lonpridge  Fell,  which  rises  upon  elevated  broken  undulations  from  the  bed  of  the 
Kibble  to  1140  feet.  In  the  centre  of  the  garden,  which  commands  a  wide  extent 
of  country,  was  chosen  the  site  for  the  observatory,  having  on  all  aidea  generally  a 
free  and  distant  horizon.  The  observatory  contains  a  5 •foot  equatorial,  a  meridian 
circle  2*  feet  diameter,  a  transit  instrument,  twn  tran-it  clrirks,  and  a  considerable 
meteorological  apparatus,  llxe  report  opens  with  an  historical  sketch  of  the  origin 
of  the  Meteorological  Obaeivatlona  in  1847*  The  inatroments  have  been  compared 
ivith  standarda  by  Mr.  GUuber,  of  the  Royal  Observatory,  Greenwich.  The  report 
extends  over  ten  years,  from  the  beginning  of  1848  to  the  end  of  1857.  The  chief 
instrumeuts  recorded  have  been  the  barometer  \  the  dry  and  wet  bulb ;  the  highest 
and  lowest  readioga  of  the  thermometer  in  the  shade ;  the  highest  of  a  thermometer 
with  a  Maekened  mtib  exposed  to  the  aun's  rays,  and  the  lowest  of  a  thermometer 
exposed  upon  grass  ;  the  direction  and  estimated  f<»rce  of  the  wind,  and  the  amount 
of  cloud  at  the  time  of  ^h  observation ;  the  daily  and  monthly  fall  of  rain  and 
•now;  amount  of  evaporation  from  an  exposed  surface  of  water;  the  general  cir- 
Ciim^nces  observed  to  attend  Aurora  Borealis  and  thunder-storms  ;  and  a  general 
description  of  the  state  of  the  weather  and  appearance  of  the  sky.  'llie  observations 
were  recorded  at  9  a.m.,  1  p.m.,  3  p.m.,  and  9  p.  m.,  local  time,  which  have  been 
made,  almost  without  exception,  throughout.  Hie  report  describes  at  lei^ith  the 
methods  used  in  recording  and  reducing  the  observations.  Then  follow  the  tal^ 
and  vary  carefuliy  executed  cnrvea  and  diagrams,  with  explanatory  notes  interspersed. 


(jeneual  Physics. 

Physks  as  a  Branch  of  the  Science  ofMoHonm 

By  J.  S.  Stuart  Glennme,  M.A. 

Id  order  that  the  great  aitn  of  modern  science  may  be  accnmplislied,  and 
mechutical  principles  be  ngoroubly  applied  to  physical  and  chemical  phcnomcoa, 
it  seems  clear  that  physical  and  chemical  forces  must  be  conceived  in  the  saaae 
vay  a?  merhanical  forces.  Therefore,  as  the  general  condition  of  the  development 
of  a  mechanical  force,  and,  consequently,  of  a  mechanical  motion,  is  a  (HfTrrcnce  of 
pressures,  and  as  a  medianical  motion  is  in  the  direction  of  least  pressure,  a  phy« 
aical  or  chemical  force  must  be  similarly  conceived  as  a  difference  of  pressures,  and 
attractions  and  affinities  explained  as  motions  in  the  directim  ,,f  [ra-t  resistance: 
and  as  the  cause  of  an  ordinary  mechanical  motion  is  no  supcrnaturai  or  unrelated 
entity  or  agent,  but  simply  the  condition  or  relation  of  difference  among  a  set  of 
matnal  pressures,  so  the  causes  of  physical  and  chemical  motions  must  he  conceited* 
Ml  aa  agenta,  but  aa  lelationa.  But  aa  (though  an  abaolola  Ibice  is  inconceiviMt) 
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ire  may  speak  of  a  moving  body  as  a  mechanical  force  because  it  cannot  come  mto 
contact,  be  brought  into  relation  with  anotl\cr  body  without  there  beint^  thus  a  Hif» 
feffence  of  the  pieviously  exi»tiug  polar  presauit:s  on  ihat  UiKly,  and  hence  a  motion 
or  change  of  motioii ;  so  we  may  spedc  of  heat,  electricity,  &c.  as  foroea,  tteoMM 
bodies  in  such  states  of  raolecuiar  motion  or  teobion  cau^e  a  motion  of  other  bodies, 
or  of  their  molecules.  And  the&e  fortes  are  thus  conceived,  not  as  abtolutely  ttitU 
iog  agents  acting  on  matter,  but  as  conditions  of  matter. 

It  i»  evident  that  this  ideft  of  force,  by  which  all  particular  forces  bcrmne  oat  (by 
being  referrtu  to  t!ir  same  general  conception  of  a  difference  of  pressure),  postulates 
a  plenum.  But  tins  will  probably  be  now  generally  granted.  If,  then,  there  is  a 
plenum,  we  may  conceive  the  influence  which  every  part  of  matter  exerts  on  every 
other,  as  sding  DOi  "  at  a  distance/*  bat  through  other  inttrmediate  nwtter,  form- 
ing lines  of  pressure.  Hence  we  may  conceive  a  body  or  molecule  as  a  centre  of 
pressure,  and  see  whether,  retaining  the  usual  mechanical  conception  uf  "  pressure** 
as  "  a  balanced  force,"  or  *'  virtual  momentum,"  sudi  influence,  or,  more  definitely, 
physical  and  chemical  phenomena*  become  mechanically  explicable. 

A  molecule,  therefore,  or  body,  an  agsrcgate  of  moIecuK-  .  cf>nceivedas  a  centre 
of  lines  of  pressure ;  the  lengths  and  curves  of  these  lines  are  determined  by  the  rela- 
tive pressure  of  the  lines  they  meet ;  aod  lines  from  greater,  are  made  up  of  simiUy: 
lines  from  lesser  molecules,  sod  so  on  erf  vf/biUmm,  In  speaking  of  a  molecule  or 
body  as  such  a  centre  of  pressure,  we  may,  for  convenience  sake,  call  it  an  atom, 
in  chemistry,  the  term  equivalent  will  be  used  exclusively,  and  not  as  more  or  less 
synonymous  with  atom,  wldch  I  hai*e  thos  ventured  to  appropriate  for  a  new  con- 
ception. 

Atoms,  or  mutuallv  delerminin0r  centrc«5  nf  lines  of  pressure,  mny  also  be  defined 
and  mathematically  considered  as  mutually  determining  elastic  systems  with  centres 
of  resistance. 

But  these  fundamental  conceptions  of  centres  of  lines  of  pressure,  or  centrally 
re^i«!)ng  elastic  systems,  are  not  hypotheses,  but  convenient  forms  of  the  general 
conception  of  the  parts  of  matter  as  mutually  repelling. 

If,  m  a  system  of  such  atoms,  the  centres,  whether  molecules  or  suns,  are  all  of 
equal  mass,  aod  at  equal  distances,  the  mutual  repulsions  of  thdr  lines  will  be  equal 
in  all  directions  ;  there  will  be  no  difference  of  pressure,  no  moving  force  will  be 
developed,  and  the  conditions  of  equilibrium  are  satisfied.  But  it  was  shown  that 
if  there  are  in  such  a  system  difleitnces  in  the  masies  of  the  resisting  centres*  or 
in  tiieir  relative  positions*  the  law  of  universal  attraction,  or  approach  of  tiwse 
centres,  whether,  in  any  particular  case,  equal  or  tinofiiml,  would  follow  as  a  me- 
chanical consequence  of  the  deflection  of  the  mutually  opposing  lines. 

But  sudt  centres  may  differ  not  only  in  mass,  but  in  tension.  Tension  Is  conceived 
as  a  state  of  unstable  equilibrium,  in  which  a  (molecular)  atomic  centre,  having  been 
moved  towards  the  next  atom  in  any  plane,  rests  in  a  position  In  which  the  pressure 
of  its  lines  is  increased  in  that  direction,  and  correspondingly,  of  course,  diminished 
in  the  opposite.  Such  is  the  general  mechanical  conception  of  polarity  proposed  in 
this  theory. 

The  phenomena  caused  by  bodies  in  a  state  of  ststic  electricity  are  deduced  from 
the  conception  of  outward  or  inward  tension  in  a  closed  curve, 
la  dynamically  electri6cd  bodies  the  tension  is  conceived  as  longitudinal,  aod  the 

poles  as  the  ends  towards  and  from  which  the  molecules  have  been  moved.  A  mag* 
net  is  conceived  as  a  body  in  which  the  molecules  are  in  a  permanent  state  of  trans- 
verse tension  ;  and  hence,  evidently,  as  in  Ampere's  theory,  the  analogy  (except  as 
to  power  OB  iron  core)  between  a  helix  and  a  magnet. 

Induction  is  the  necessary  mechanical  effect  on  adjacent  bodies  of  electricity  or 
magnetism  as  above  conceived.  The  character  of  that  effect  (ifpfndH  on  the  rela- 
tive conditions  of  the  tension  of  the  acting  body,  and  of  the  mechanical  resistance 
due  to  the  molecular  motion  or  aggrsgatioo  of  the  bodies  acted  on. 

The  various  motions  in  the  presence  of  electric  or  magnetic  bodies  are  eiplicahle 
as  differential  effects  of  (electric  or  magnetic)  conduction. 

It  is  proposed  to  apply  this  general  theory  to  the  uudulatury  theory  of  light  and 
beat,  withUM  hope  that  Urn  dUBcnItiei  therein  at  pfeseot  encounCered  may  be  hereby 
overcome* 
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Aa  to  ebfmlatfir,  it  nay  be  briefly  noted  that  its  pbfwnaeiM  seem  eaptble  of  beiof 

bmnghr  within  trie  science  nf  motion  by  deductions  from  the  general  conceptione  of 
a  body  as  a  system  of  moving  molecules  (specific  heat),  which,  the  motion  at  every 
point  l>eiDg  eqaal  in  inteotity,  is  in  a  slate  of  dyoamic  equilibrium ;  and  of  the 
li»niiatba  of  oompoiiadft,  as  the  formattoD  of  new  statea  of  dynamic  eqailibriam. 

A  General  Law  of  notation  applied  to  the  Plamii* 
By  J.  S.  Stuart  Gleknie,  M.A. 
The  author  directed  attention  to  a  table  of  elements  which  seemed  to  point  to  a 
Moeral  law  for  the  angular  velocity  of  rotation  of  the  planets ;  though,  of  the  many 
formulc  calculated,  none  had  as  yrt  given  perfect  accuracy. 

But  these  tables  gave  «  new  law  connecting  the  angular  velocitiat  of  levolatioA 
with  the  distances. 

He  refened  the  nuUity  of  afliMt  on  the  plaofta  of  tho  twiatiBg  madinm  which 
short  ens  the  periods  of  Enciit's  comct  to  a  nettttaliiatioa  dadoced  from  a  hydrody* 
namicai  thaofitm. 


Sound. 

On  the  Velocity  of  the  Sound  of  Thunder* 
By  the  Rev.  S.  Earnshaw,  M.A. 

Hie  object  of  this  paper  was  stated  by  its  author  to  be,  to  solicit  the  attention  of 
observers  to  certain  piienomeoa  which  seem  to  ludicatc  tliat  lUc  vciuciiy  ol  the 
aonnd  of  thunder  is  sometimes  much  greater  tlian  that  of  ordinary  sound.  He  had 
himself  noticed  a  case  where  the  sound  followed  close  upon  the  Ilash  uf  lightning, 
though  judging  from  the  distance  of  the  point  struck  (more  than  a  miiej  from  him, 
the  interval  between  the  fimh  and  the  sound  should  have  been  upwards  ol  live  sccuuds. 
Ha  stated  alaottmt  Professor  Montigny  of  Antwerp  had  communicated  to  him  accounta 
of  similar  instances  noticed  by  hirTiself  and  M.  Raucoux,  cur^  of  Temploux.  One  in 
p[irticulai  vva^  very  remarkable.  On  a  certain  night  last  autumn.  Professor  Montigny 
observi^d  tive  iightniog  strike  a  farm  at  such  a  distance  from  him,  that,  according  to 
the  received  vatocity  of  aound,  more  than  fifteen  leconda  ought  to  have  elapsed  before 

he  heard  the  report,  whereas  it  rcaciiLtJ  him  in  two  seconds.  This  was  confirmed 
to  him  the  next  day  by  the  cure  of  J'emploux,  who  being  at  nearly  the  same  distance 
from  the  farm,  beard  the  crack  of  the  thunder  in  what  he  judged  to  be  certainly  not 
mora  than  two  seconds  from  the  descent  of  the  electric  fluid.  The  difference  in  this 
case  is  so  great  between  theory  and  observation,  that  errors  of  estimation  uf  the  time 
cannot  possibly  account  for  it.  The  two  observers  were  more  than  4000  metres 
apart.  The  author  stated,  that  although  there  were  in  these  instances  such  discre- 
pancy between  them  and  the  received  theory,  he  had  communicated  investigationa  to 
the  'Philosophical  Magazine'  with  which  thcv  were  in  perfect  a2;rcement.  Rat, 
nevertheless,  he  hoped  that  some  of  the  members  of  the  Aseociation  would  turn  their 
attention  to  these  phenomena«  in  order  that  it  might  be  definitely  aelded*  wh^er 
his  theoretical  daductiona  ara.  or  are  not,  auppoitsd  and  confirmed  by  nadnobted 
fjttta.   

Oh  the  TriplicU^  of  Soutid.    JSy  Utc  Kev.  S.  iiiAHNsuAw,  Mui. 
The  fundamental  idea  of  this  paper  ia  tiia  hypothasia  of  finiia  intarvaia.  Setting 
oat  from  this«  tha  nnthor  shows  that  tba  moat  aunplt  elemanta  of  wava-motkm  an 

defined  by  tht  equation  ^^^l?»,  •  being  the  diaphuemeot  of  an  alirlal  partida  at 

any  time  /.  If  the  radius  of  molecular  action  eitend  over  a  large  number  of  parti* 
clea,  the  method  pursued  by  the  author  gives  the  velocity  of  ordinary  sound  1 190 
feet.  He  also  shows  that  the  velocity  of  a  thunder-clap  must  of  neccssitv  bp  greater 
than  that  of  ordinary  sounds.  There  are  two  essentially  distinct  tyoes  of  wave> 
mffition,  corresponding  to  tha  two  signs  with  which  V  ia  aflbated  in  the  above 
aquation  i  the  upper  sign  bttongs  to  tha  thunder  type^  and  tha  lower  to-offlinaiy 
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musical  Simnds :  and  it  is  shown  thnt  for  a  givpn  ralup  of  k  t^rrr  are  three  differmt 


paper*  cn  thli  aalnect  will  be  foand  prioted  at  length  in  the  '  Philoaophical  Miga< 
sine '  for  June,  Jaly,  and  September. 


The  telemeter  consists  of  two  telescopes  so  arranged  in  two  concentric  tabee,  that 
the  rays  formed  by  two  object-glasses,  at  or  netr  the  extremities  of  the  tubea,  are  by 
means  of  reflectors  brought  totrcthc-  into  one  eyepiece  in  the  middle  of  the  tubes  ; 
thus  both  telescopes  are  simuitaueously  pointed  at  the  same  object,  one  bein^  move- 
able, and  their  relative  angle  taken  from  a  scale  aod  vernier,  and  this  by  reference 
to  a  table  on  the  inatmment  gives  the  distance  of  the  object  looked  at.  The  author 
has  obtained  measures  to  5  yards  in  500,  and  20  in  1000  with  a  base  of  only  18  inches. 
The  length  of  the  arm  and  power  of  the  telescopes  being  equal  to  such  minute  accu- 
racy,  this  promisee  to  supply  the  link  wanting  to  make  the  long  range  in  gunnery  use* 
All.  Its  power  is  such,  that  with  the  18-indh  base,  the  one  described,  we  can  read  to 
5  yarda  in  500,  or  90  in  1000«  and  it  may  be  used  up  to  4  or  6  miles  with  effect. 


DucripiioH  qf  a  New  RefiecHng  In.struiuent  for  Angular  MeasuremwU 

By  Pathiuk  Ai>iE. 

Tim  instrament  Is  a  aeitaat  or  drde  which  the  author  proposed  to  same  the  bino* 
cnlar  reflector.   It  consists  of  two  telescopes,  also  so  arranged  as  to  work  with  OM 

evepie'^e.  ore  telescope  hrinEr  f^i^pctcr^  to  each  of  the  objects  whose  angular  distance 
is  sought;  one  of  these  is  fixed  below  the  limb,  the  other  above  it ;  and  the  rays  are 
passed  firom  the  lower  into  the  upper,  by  means  of  a  reflector  sending  them  al  ri|;ht 
anglee  through  the  centre  of  the  ustroment,  which  is  hollow ;  these  rays  entanog 
the  upper  telescope,  are  by  means  of  a  second  reflector  passed  alon?::  with  tho«e  of 
th«  other  half  whtch  is  open  into  the  eyepiece.  The  point  of  this  mstrument  is,  that 
it  givna  the  irbole  Instead  of  half  degrees  as  in  Hadley's  principle,  thus  redocing  the 
•lie  of  the  iostraroent  one-half»  and  the  cost  nearly  in  like  degree ;  it  will  also  be 
modi  less  stibject  to  disarrangement*  and  can  measore  any  angle  op  to  180^. 


On  a  Pile  with  Sulphate  of  Lead*  By  M.  E.  Becqubrel. 
The  pile  of  M.  Edmnnd  Bpcqtierrl  is  composed  of  an  exterior  receiver  of  rinr  of 
an  annular  shape,  and  ot  a  cylinder  composed  as  tullows.  A  cylinder  of  lead  of  2^ 
centimetres  (9^^  inches)  long  and  aboot  half  acenlimetre  (^thsof  an  inch)  diameter, 
is  placed  in  the  inside  of  r\  mould  13  centimetres  (4*6  inches)  in  height,  and  9  centi- 
metres is  filled  (2|  inches :  m  cl]ameter,  with  a  paste  of  sulphate  of  lead  pulverized, 
and  400  grammes  water  baturaled  with  marine  salt  at  25^  of  the  areometer,  ibeing 
129  to  139  cubic  centimetres.  The  mixtnre  of  these  should  be  made  very  quickly. 
After  the  sulphate  of  lc:id  has  arqnirpd  a  sufficient  consistence,  we  remove  it  from  the 
mould,  and  we  cover  it  round  with  a  bed  of  plaster  of  half  a  centimetre  in  thick- 
ness. This  pile  is  charged  with  water  reudeied  saline  with  common  (sea)  salt  about 
|th  settirated.  Its  electromotive  force  is  equal  to  the  half  of  that  of  salphate  of 
copper,  nnd  its  resistance  to  conduction  is  equivalent  to  1  on  metres  of  red  copper 
wire  of  a  millimetre  diameter.    It  has  the  advantage  of  vpry  simple,  and  of 

not  requiring  anything  to  keep  it  in  action  ;  it  is  put  into  acttun  by  a  single  liquid, 
and  dees  not  need  a  poroae  vessel.  It  possesses  much  constancy,  and  does  not  cease 
to  net  until  the  sulphate  of  learl  is  entirely  reduced  to  the  metallic  state.  M.  Bec- 
querel  had  one  in  action  composed  of  ten  pairs,  of  which  tlie  circuit  remained  com- 


pletely closed  for  three  months. 
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Om  an  Atmodc  Sh^   Bjf  ihe  Hod.  W.  Bland,  Neto  South  Walu. 

Thp  proposal  in  this  case  was  to  employ  a  li^ht  kcrl  and  ship-formed  body  baoycd 
up  by  an  elongated  balloon,  and  two  heavy  weights  gaided  by  a  rope  slung  from 
stem  to  stern,  to  alter  the  centre  of  gravity  of  the  machine  and  direct  its  motioo 
upwards  or  downwards  at  pleasure*  To  came  it  to  move  onwards  in  any  assigned 
direction.  Inrcrp  but  light  aad  ttTOiig  vanct  wcfc  to  be  driven  round,  noting  like  the 
acrew  propeller  of  a  ahip.  ' 

On  an  Improved  Indmrnentjirr  deter&nng  Spirabt  inpoUed  by  Heory 
Johoaon.  By  the  Rer.  J.  Booth,  LLJD^  F,MLS, 

Mr.  Jobnaon's  instrument,  which,  looking  to  its  practical  use,  he  calls  a  voIator« 
a<^mit5  of  several  varieties,  and  may  be  briefly  described  as  follows  : —'ITie  form 
which  most  clearly  exemplifies  the  principle  consists  of  a  vertical  axis  resting  on  n 
horiaontal  plane,  and  retained  on  It  by  a  metal  point  to  prevent  alippiog  or  ktetnt 
motion.  To  this  upright  axis  is  attached  one  extremity  of  the  horixontal  arm  or 
bar.  The  vertical  axis  passes  tlirouL'h  the  extremity  of  the  horizontal  arm,  or  a  block 
attached  to  the  end  of  it,  in  such  a  way  that  the  horizuntal  arm  may  revolve  freely 
roond  the  verticid  axia.  Hie  remote  extremity  of  the  horixootal  bar  Is  fambhed 
-with  a  drum  or  pulley*  oter  which  a  band  or  chain  passes  |  one  end  of  this  band  la 
affixed  to  the  centre  upon  a  level  with  the  pulley,  and  the  other  end  of  the  chain  or 
band,  after  passing  over  the  pulley  at  the  outer  end  of  the  horizontal  rod,  retoraa 
and  is  attadncd  to  a  slide  whidi  carries  a  pencil  or  marking  instmraent  The  hori- 
xootal bar  is  made  to  revolve,  either  by  the  hand  directly  applied  to  it*  or  by  a  string 
wound  round  a  drum  attached  to  the  block  revolving  on  the  vertiml  axis. 

The  chain  or  band  is  thus  wound  round  the  upright  axis,  whiie  each  succeeding 
eoil  encloses  the  preceding  one»  and  is  supported  by  a  small  plane  projecting  from 
the  centre.  The  slide  is  drawn  from  the  centre  towards  the  drum  at  the  other  end 
of  thp  horizontal  arm,  and  thus  the  curve  is  traced  by  the  pencil  or  other  point,  pro- 
gressively increasing  its  radius  vector  as  the  slide  recedes  from  the  axis.  The  addi- 
tion of  smiUI  tabes  to  slide  down,  wheo  required,  to  the  junction,  wiUi  an  opening 
for  the  chain  or  band,  will  afford  the  means  of  varying  the  size  of  the  axis,  and  con- 
sequently the  interval  between  the  successive  spirals  of  the  curve.  The  intervals 
between  the  spirals  ore  determined  by  the  size  of  the  axis,  and  the  thickness  of  the 
band  coiled  round  it.  When  each  coil  round  the  cylindrical  axIa  rism  above  the 
preceding  one,  without  enclosing  it,  the  spiral  of  Ar  chimedes  is  described,  as  the 
radius  vector  is  increased  each  revolution  by  the  circumference  of  the  axis,  neglecting 
the  inclination  of  the  cord. 

A  cone  may  be  conveniently  used  as  a  centre,  and  the  band  wound  round  it  in  Uett 
of  hf  inp  %vound  in  a  flat  coil  ;  and  the  !/>  of  the  centre  may  hr  enlarged,  by  wind* 
inp:  the  band  one  or  more  times  round  the  cone  before  tracing  the  curve. 

A  number  of  pulleys  are  affixed  to  the  slide  and  the  block  on  the  axis,  aad  the 
curve  may  be  modified  by  passing  the  band  over  one  or  more  of  them. 

As  thp  vertical  a\is  of  the  volutnr,  and  the  sli(]i?  on  the  horizontal  bar  to  which 
motion  is  communicated,  are  connected  by  a  cord  or  chain  passing  over  a  system  of 
puileys.  the  length  of  cord  which  wraps  round  the  vertical  cylinder  becomes  2i»  timea 
the  radiua  of  the  spiral,  n  being  the  number  of  pulleys  attached  to  the  slide  which 
travrls  on  the  horizontal  arm.  Hence,  by  increasing  •«  we  may  dirainiah  Uie  mag* 
nitude  of  the  spirals  described  by  the  volutor*. 

When,  instead  of  the  vertical  cylinder  round  the  axis,  a  grooved  cone  is  sub- 
stituted, the  width  of  the  whorls  increases  with  each  revolution  of  the  radius  vector 
of  the  spiral  ;  and  by  ^ubsl  itiitin:^  in  siicce'<««ion  a  --furies  of  cones  in  the  vertical  axis, 
each  of  a  diticrent  pitch,  we  may  obtain  spirals  where  succosive  whorls  shall  widen 
out  in  any  given  ratio. 

Recent  improvements  in  the  volutor,  as  shown  in  the  annexed  drawing,  include 
arrangements  for  the  vertical  position  of  the  penri!,  hs  also  for  nttarhine  the  hand  to 
the  base  of  the  cone  wheo  required,  and  for  applying  the  set  of  pulleys  to  either  end 
of  the  horizontal  bar. 

s       *  In  fact,  the  emd  wound  round  the  sxIb,  and  the  end  of  the  slide  which  carries  the 
tndng  poiaitt  an  as  power  and  weliht  in  a  sTSien  af  nieohanieil  puUeys. 
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la  addition  to  the  spirals  that  are  traced,  when  the  hand  is  wottod  first  round  the 
apex  of  the  cone  deteaidiitg  to  the  base,  by  the  pencil  receding  from  the  centre,  on  the 
principle  described ;  spirais  may  elao  be  traced  by  the  pendl  approaching  the  centre 
from  Uke  eslremity  of  the  radius  vector,  when  the  pulleys  are  attached  to  the  pencil 
end  of  tlie  borizontai  bar«  and  the  band  is  wound  round  the  grooved  cone  a$cend* 
ing  from  the  base. 


A  A  stand,  with  tvheels  moveable  round  the  central  pdnt  0. 
B  Horizontal  bar,  passing  through  the  horizontal  tnhc  D  on  stsnd* 
C  Tracing  pencil,  pressed  down  by  vertical  spiral  spring. 
D  Horizontal  tube  on  stand. 

E  Set  of  pullevs  oti  stand. 

F  Set  of  pulkv&  screwed  on  to  the  end  of  the  horizontal  liar. 

O  Band  wound  alxNii  the  groovad  eone  at  the  centre,  and  pMsfng  over  pullejrs  at  F  and  8* 

H  Hainllr  attached  to  groovcrl  cnjif,  and  lield  stationary  with  one  hand  ;  while  ihp  stand 
carrying  horizontal  bar,  &c.,  is  moved  by  means  of  a  winch  handle  attached  to  the  top  of  a 
ited  eios  rising  tiuough  the  cone  and  handle. 

X  The  winch  liaadle. 


On  the  Means  of  increasin//  the  Angle  of  Bhiocnhtr  Instrtfrnpnta,  in  orrJer  to 
obtain  a  Stereoscopic  Effect  in  proporiwn  to  their  Magmjyiny  Power* 
By  A.  Claudet,  FM.S. 

In  a  paper  on  the  stereoscope,  which  Mr.  Claudet  read  before  the  Society  of 
Arts  in  the  year  1852,  alluding  to  the  redaction  of  the  stereoscopic  effect  produced 
by  opera  glasses  on  account  of  their  magnifying  power,  lie  stated  that,  in  order  to 
redress  that  defect*  it  would  be  necessary  to  increase  proportionately  the  angle  of  the 
two  perspectives.  Tliis  he  proposed  to  do  by  adapting  to  tiie  object-glasses  two  sets 
of  reflecting  prisms,  which  by  a  greater  Separation  given  to  the  two  lines  of  perspec- 
tives, would  reflect  on  the  optic  axes  images  taken  at  a  greater  angle  llian  the  angle 
of  natural  vision.  Such  was  the  instrument  that  Mr.  Claudet  submitted  to  the 
British  Association,  to  prove,  as  he  has  always  endeavoured  to  demonstrate  in  various 
memoirs,  that  the  binocular  angle  of  stereoscopic  pictures  must  be  in  proportion  to 
the  ultimate  size  uf  the  {Mctures  on  the  retina, — larger  than  the  natural  angle  when  the 
images  are  magnified,  oud  smaller  when  they  are  diminished ;  which,  in  factf  is 
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nothing  more  than  to  give  or  restore  to  these  images  the  natural  angle  at  which  the 
objtcto  an  ten  wbtn  we  approadi  tbcm  or  raecde  frofli  them.  For  nagnifying  or 
dim'mishing  the  size  of  objects  is  the  same  thing  as  approaching  them  or  receding 
from  them,  and  in  the*e  cases  the  angles  of  perspectives  cannot  be  thp  same.  Mr. 
Claudet  showed  that,  looking  at  the  various  rows  of  persons  composing  the  audiencej 
with  the  large  enda  of  the  opera-glmss,  all  the  various  rows  appeared  too  ckiae  to 
one  another,  that  there  was  not  between  them  the  distance  or  space  which  sep«iratcs 
them  when  we  look  with  the  eyes  alone;  an(!  he-  slunvcJ  a!sn  that,  with  the  small 
end,  the  diiitance  appeared  considerably  exaggerated.    liuL  applying  the  sets  of 

{>rism8  to  the  opera-glaaa  in  order  to  increase  the  angle  of  the  two  perspectives,  then 
ooking  at  the  audimrn  as  before,  it  appeared  thnt  the  various  rows  of  persons  had 
between  them  the  natural  separation  expected  for  the  size  of  the  image  or  lor  the  re- 
duction of  the  distance  of  the  objects.  By  applying  the  two  aet«  of  prisms  before 
the  eyes  without  the  opera- glass,  it  was  observed*  as  was  to  be  expected,  that  the 
stereoscopic  effect  wns  consideralily  exaggerati  il ,  beraiise  the  binocular  angle  was  in- 
creased without  magnifying  the  objects.  But  looking  with  the  two  seta  of  prisma 
alone  at  distant  objects,  the  exaggeration  of  perspective  did  not  produce  an  unplea- 
sant  effect.  It  appealed  as  if  we  were  looiciag  at  a  small  model  of  the  objects 
brought  near  the  observer.  Tlv  ihe  ««ame  reason,  stereoscopic  pictures  of  distant 
objects  (avoidmg  to  include  m  them  near  objects)  can  advantageously  be  taken  at  a 
larger  angle  than  the  natural  angle,  in  order  to  give  tiiem  the  relief  of  which  dicy 
are  deprived  as  much  when  we  look  at  them  with  the  two  eyes,  as  when  we  look 
only  with  one  eve  ;  instrnd  of  bein<r  n  defect,  it  seems  that  it  is  an  improvement. 
In  fact,  the  6tereo«cope  gives  us  really  two  eyes  to  bring  out  in  relief  the  pictures  of 
dbtant  ohjeds. 

On  the  Principles  of  Uie  Solar  Camera,    By  A.  C 
The  solar  camera,  invented  by  Woodward,  is  one  of  the  most  important  improve- 
ments mtroduced  m  the  art  of  photography  since  its  discovery,    fiy  its  means 
small  negatives  may  produce  pietures  magnified  to  any  extent ;  a  portiatt  taken  on  a 

collodion  plate  not  lugor  thnn  n  visiting  card  can  be  increased,  in  the  greatest  per- 
fection, to  the  si?c  of  nature;  views  as  small  as  those  for  ti  e  ?terco?rnpp  can  be  also 
considerably  enlarged.  This  is  an  immense  advanluge,  winch  \s  easily  understood 
when  we  connder  how  much  quicker  and  in  better  proportion  of  perspective  small 
pirtures  are  taken  by  the  camera  obscura,  white  the  manipulation  is  so  greatly  sim- 
|)litied.  There  is  nothing  new  in  the  enlargement  of  photographic  pictures.  This 
has  been  done  long  ago  simply  by  attending  to  tlie  law  of  conjugate  foci ;  and  every 
photographer  has  always  betn  enabled,  with  his  comnwn  camera,  to  inersaseof 

reduce  the  size  of  any  imapr,  Foi-  the  cnlarprment,  it  was  nnlv  nrcc=pnrv  to  place 
the  original  very  near  the  camera,  and  to  increase  in  proportion  the  focai  distance. 
But  the  more  the  focal  distance  was  increased,  the  more  the  intensity  of  light  was 
redneed;  and  a  still  greater  loss  of  light  arose  from  the  necessity  of  diminishing  tht 
aperture  of  the  lens,  in  order  to  avoid  the  spherical  aberration.  Such  conditions 
rendered  the  operation  so  long  that  it  became  almost  an  impossibility  to  produce  any 
eatiafactory  results  when  the  picture  was  to  be  considerably  enlarged.  For  thess 
reasons, 'it  naturally  occurred,  that  if  the  negative,  having  its  shadows  perfectly 
transparent  and  its  fip^t'^  qtiite  blark,  was  turned  against  the  strong  light  of  thcBun, 
its  image  at  the  focus  of  tiie  camera  would  be  so  intense  that  the  time  uf  exposure 
wosid  be  considerably  reduced ;  so  that*  in  order  to  employ  the  light  of  the  sun, 
and  fbllow  easily  its  position  without  hairtng  to  t:  ove  constantly  the  whole  camera, 
it  was  thought  advisable  to  employ  a  moveable  rc6ecting  mirror  prndin?  the  parallel 
rays  of  the  sun  on  a  vertical  plano-convex  lens,  condensing  those  rays  on  the  nega- 
tive (placed  before  Uie  object-glass  and  behind  the  eonmnser)  soiMwhcre  in  its 
kiminous  cone.  Many  contrivances  for  this  object  were  resorted  to,  bat  without 
con^iderinp  anything  else  than  throwing  the  strongest  light  possible  on  the  negative 
to  be  copied.  The  constructors  of  these  solar  cameras  never  thought  it  very  im- 
portant to  consider  whether  the  focns  of  the  condensing  lens  was  better  to  fall  before 
or  behind  the  front  of  the  object-glass,  provided  the  negative  was  placed  in  the  lami* 
nous  cone  of  the  condenser.  This  want  of  attention  has  been  the  cau««e  which  has 
made  the  solar  camera  a  very  imperfect  instrument  for  copying  negatives.  The 
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beautiful  principle  of  Woodward's  apparatus  consists  in  his  having  dr-citied  thf  ques- 
tion of  the  position  of  the  focus  uf  tlie  coodeiiser,  and  in  having  placeti  it  exactiy  on 
the  front  lens  of  tha  mnera  obscura.  As  this  priodple  bad  not  yet  been  eiplained 
when  thr  invention  was  exhibited  bofore  the  Photographic  SfKietles  of  London  and 
Pari^,  and  not  even  by  the  inventor  himself  in  the  specirication  of  his  patf  iit, 
Mr.  Claudet  has  undertaken,  in  the  interest  of  the  photographic  art,  tu  bnug  the 
subject  before  the  British  Association,  and  to  demonstrate  that  the  solar  ctmeim  of 
\VotKl\vard  has  soh  r  d  the  most  difficult  problem  of  the  optics  of  photography,  and 
is  capable  of  producing  wonderful  results.  This  problem  consists  in  forming  Xht 
image  of  the  negative  to  be  copied  only  by  the  centre  of  the  object-glass  reduced  to 
the  smallest  aperture  possible,  witboot  loaiof  the  least  proportion  of  tbe  light  ilia* 
minatingthe  nrpativc.  The  fofnr  camera  dop?  not  require  any  diaphragm  to  rrducp 
the  aperture  of  the  lens,  because  every  one  of  the  points  of  the  negative  are  visible 
only  when  they  are  defined  on  tbe  image  of  the  sun,  and  they  are  so  exclusively  for 
tbe  ccnM  of  tbe  lens,  the  only  point  which  seee  the  sun ;  while  the  various  poinM 
of  the  negative,  which  from  the  margiTia!  zone  nf  the  lens  are  defined  nE:!\inst  the 
comparatively  obscure  parts  of  the  sky  surrounding  the  sun^  are,  as  it  were,  invisible 
to  that  zone ;  so  that  vo»  image  is  prodoeed  onlv  by  Am  eenttaltmyti  And  Ml  bi  dM 
least  degree  by  any  other  points  of  the  lens,  wbiebare  aobject  to  apberical  nbetration. 
It  is,  in  fnrf  ,  a  lens  reduced  to  an  aperture  m  -^iDa!!  ni  is  the  image  of  the  sun  uj>on 
its  surface,  without  the  necessity  of  any  diaphragm,  and  admitting  the  whole  light 
of  tbe  Bun  after  it  baa  been  condensed  npon  tbe  ▼arious  separate  points  of  the  aegt* 
ttve.  It  is  evident  that  ftom  tbe  centre  of  the  lens  the  whole  negatife  has  for  back- 
ground the  sun  itsf  if,  and  from  the  other  points  uf  the  lens  it  has  for  background 
only  the  sky  surrounding  the  sun,  which  fortunately  has  no  effect  in  the  formation 
of  tbe  image.  Soeb  is  tbe  eaaential  prindple  of  Woodward'e  solar  Mflseta,  whidi 
did  not  exist  in  that  instrument  wboi  tbe  focQs  of  the  condenser  was  not  on  tbe 
object-glass.  This  principle  in  truly  marvellous  ;  hut  it  must  he  observed,  that  tht 
solar  camera,  precisely  on  account  of  the  excellence  of  this  principle,  requires  the 
greatest  precision  in  its  eonetroction.  For  its  delienle  perfbrmanees*  it  most  be  as 
perfect  as  an  astronomical  instrument,  which,  in  fact,  it  la*  Tbe  refleeting  mirrOr 
should  be  plane,  and  with  parallel  surfaces,  in  order  to  reflect  on  the  condenser  an 
image  of  the  sun  without  deformation  ;  anti  in  order  to  keep  the  image  always  on 
tbe  mrj  centre  of  tbe  object-glass,  tise  only  condition  for  tbe  eidnaion  of  tlie  oUlqai 
imyi»  tne  mivor  should  be  capable,  by  its  connexion  with  a  heliostat,  of  following 
the  movements  of  the  son.  The  condenser  itself  should  be  achromatic,  in  order  to 
refract  the  image  of  the  sun  without  dispersion,  and  to  define  more  correctly  the 
lines  of  tbe  negative  t  >nd  &  no  less  Important  condition  flir  loelaf  nolbing  of 
photogenic  rays  would  be,  to  have  the  condenser  formed  with  a  glass  perfectly 
homogeneous  and  colourless.  With  such  improvemmts,  tlie  solar  camera  will  be- 
come capable  of  producing  results  of  the  greatest  beauty ;  and,  without  any  question^ 
its  intfodoetion  into  tbe  pbotographer's  itndlo  will  mtrk  n  period  eonsiderablt 
improveoMBt  in  tbe  ait. 

On  a  Bejbeting  TeUtcope  for  Celestiai  Pkoiography,  erecting  ai  Htuiu^ 
near  New  York.   By  Henrt  Draper,  M.D. 

In  the  summer  of  1857.  after  the  Dublin  meeting  of  the  British  Association,  a 
party  visited  I.ord  Rosse's  telescope  at  Parsonstown.  We  were  shown  the  ma- 
eblnery  employed  in  its  conatraction,  and,  as     aa  tbe  wentber  petmitled^  its  per* 

formance. 

That  visit  first  led  me  to  attempt  constructing  an  in«?tr\jment  -which  should  be 
specially  adapted  for  celestial  photography,  for  which  purpose  the  rehector  possedses 
soeb  conspicnons  advantagea  over  any  refractor. 

Those  who  are  familiar  with  photographic  nprrations  know  well  how  important  it 
is  for  the  ensuring  of  uniform  Hurccs"?,  that  tlie  sensitive  surfaces  should  a!wnv?(  he 
placed  in  !>)(uilar  circumstances  m  lo  positiou,  and  that  position  must  aiS^ord  every 
facility  fbr  carrying  on  tbe  necessary  manipulations. 

It  appeared  to  mc  that  a  modification  of  a  form  of  mounting,  proposed  some 
time  ago  by  Mr.  X^asmyth,  could  be  made  to  ax^swer  these  reqairemeots  perfectly* 
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and  that  a  Newtonian  reflector,  sustained  on  hollow  trunnions,  through  one  of 
which  the  rays  from  the  small  mirror  could  come,  would  permit  of  operationa  heing 
carried  on  upon  a  horizontal  table  at  the  end  of  the  trunnion  with  great  case.  What- 
ever might  be  the  altitude  or  position  of  the  object  the  photographic  table  would 
alwayi  be  horicoDtal. 

As  I  propoMd  that  the  telescope  should  not  be  less  than  1 2  feet  in  focal  leogth, 
nn  advantage  would  obviously  arise  from  making  the  vertical  axis  of  the  rramework 
beneath  its  centre  of  gravity.  The  observatory  in  which  it  should  be  placed  would 
thca  require  to  be  only  one-half  the  diameter  that  voold  otherwiae  be  demanded, 
A  19-foot  tube  could  be  worked  with  its  frame  in  a  eylindriod  apace.  13  ieet  in  dia* 
meter  and  13  feet  in  bfieht 

I  therefore  ca&t  a  speculum  of  15  inches  iu  diameter  and  2  iuches  in  thickness, 
Hie  roateriala  employed  were  Minneaota  copper,  regarded  in  America  as  the  purest 
commercial  form  of  that  metal,  and  Bancs  tin.  Their  proportions  were  those  re- 
commended by  Lord  Rosse.  The  cast  was  made  in  sand,  4  inches  in  thickness  in 
every  direction  from  the  speculum,  which  was  permitted  to  remain  for  two  days  ud- 
opened,  to  ensure  slow  cooling.  It  proved  to  be  perfectly  successful.  The  machine 
used  for  grinding  and  polishing  it  was  that  of  Lord  Rosse. 

The  tube  of  the  telescope  is  of  black  wahiut,  bound  externally  hv  brass  rin^a,  and 
strengthened  interiorly  by  iron  ones.  The  trunnions  at  the  little  mirror  axe  of  gun- 
metal  s  they  work  on  friction  rollers  of  the  same  substance,  supported  on  polished 
steel  axles. 

The  telescope  is  moved  in  altitude,  with  the  utmost  faciiitv,  hv  the  aid  of  counter- 
poising levers,  which  act  perfectly,  whatever  the  position  of  the  tube  may  be.  The 
pulleys  through  which  these  counterpoising  levers  work  are  also  of  gun-meta!,  sup- 
ported on  friction  rollers,  with  polished  £teel  axles.  The  motion,  upon  a  vertical 
axis,  is  nceomplished  by  a  c:\5t-ir0n  shaft,  2,  feet  in  lens:th  at)d  3  inches  in  thick- 
ness, woi  kmg  ut  oue  end  on  a  hemispherical  termination  lu  gun-mctal,  and  the  other 
sustained  in  a  strong  and  ground  cast.iron  collar. 

The  observatory  in  which  this  iustrument  is  being  placed  is  situated  on  a  hill, 
400  feet  above  the  level  of  the  sea,  at  Hastings,  about  twenty  miles  north  of  New 
York. 

The  edifice  consists  of  a  sunken  chamber,  excavated  out  of  the  solid  rock.  The 

wal!=^  of  rliambcr  are  substantially  built  of  stone,  laid  In  hydraulic  cement. 
They  are  9  feet  high.  On  the  top  of  these  walls  a  lighter  wooden  edifice  is  raised, 
sufficient  to  make  the  building  of  the  required  height.  The  revolving  roof  is  metallic. 
Hie  ground  plan  is  square,  and  1 7  feet  iu  the  clear  interiorly*  As  the  frame  of  the 
telescope  only  requires  a  cylindrical  space  of  13  feet,  the  comers  of  the  building  are 
very  available  for  the  necessary  photographic  preparatious. 

On  the  top  of  the  stone  wall  is  placed  a  circular  gallery  running  entirely  around 
the  interior  of  the  room,  and  enabling  the  operator  to  have  access  with  great  facility 
to  the  photnirrfiphic  table  and  the  eyepiece  trunnion  of  the  instrument*  The  in- 
tenor  ot  the  observatory  is  sheathed  throughout  with  wood. 

This  partly  underground  construction  has  been  adopted  for  the  purpose  of  ensu- 
ring a  more  complete  tnvariabiHty  of  the  temperature  of  the  mirror.  A  thorough 
ventilation  is,  however,  secured  whenever  desirable,  the  local  position  of  the  edifice 
being  such  that  the  door  of  entrance  is  on  the  side  of  the  hitl  at  the  level  of  the  door. 
TIm  wooden  sheathing  is  for  the  purpose  of  avoiding  deposition  of  moisture. 

At  the  moment  of  writing  this  paper  the  building  is  unfinished,  though  rapidly 
approaching  completion.  The  various  parts  of  the  instrument  and  the  photographic 
arrangements  are  provided,  and  no  difficulty  is  anticipated. 

This  is  the  first  obsenratory  that  has  been  erected  in  America  expresslv  for  celes- 
tial photography,  and  it  is  hoped  that,  considering  the  purity  of  the  skies,  it  will 
yield  good  results. 

I  expifct  also  to  derive  considerable  advantage  from  the  method  of  darkening  col- 
lodion negatives  by  the  aid  of  protochloride  of  palladium,  described  by  me  in  a  paper 
read  before  the  American  Phutographical  Society,  and  which  I  think  in  this  aj^lica* 
tion  will  permit  of  good  proofs  being  uken  by  linprecedeotedly  short  eiposures* 
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Oh  a»  imprwed  Farm  of  Ah  Pump  for  PJuitnophkai  EaqpaimtMu 


On  <A«  CSbvoMMecyM.       Johk  Smith,  if^.,  Perth  Aeademif, 

The  author  sent  a  specimen  of  the  cut-out  card,  by  the  rotation  of  which,  in 
ptrong  light,  as  sunshine,  bp  could  produce  various  colours.  There  were  also  dia- 
grams exhibited  painted  so  as  to  represent  the  several  colours  and  tints  which  the 
mthor  had  succeeded  in  cwuiiig  to  appear.  The  chromoscope,  he  laid*  wa*  Dot  tlw 

result  of  a  happy  accident,  but  was  constructed  to  verify  certain  opinions  which  he 
had  long  entertained  as  to  the  cause  of  colour ;  thnt  it  not  only  produced  colour,  but 
explained  the  principle  on  which  it  was  produced,  and  proved  the  necessity  of  intra* 
docing  a  negative  term  into  the  theory  <^coloQr---4he  purpose  for  which  it  was  eon* 

structc  J.  On  the  theory  he  said  he  would  not  enter,  as  he  had  explained  it  at  dl0 
Meeting  at  Abordeon,  when  he  al«5o  made  some  ctperiment«?  before  Section  A. 

The  author's  object  ut  present  was  to  direct  attention  particularly  to  what  he 
considered  a  most  remarleable  phenomenon  connected  with  Uiese  experiments,  which 
manifested  itself  in  the  chanp;e  of  colour  vrhich  took  place  when  the  motioTi  of  the 
figure  was  reversed.  Tlie  siinplest  illustrnlinn  given,  was  a  seinidisc  divided  into  a 
number  of  conceutric  ruigs  of  equal  breadth,  each  alteruatc  ring  being  paiuted  black 
c»r  cat  oat  of  the  card,  and  tbe  card  fixed  on  the  axle  of  the  machine  at  a  point* 
exactly  pqnal  to  half  the  breadth  of  one  of  the  rings,  from  the  centre  of  the  disc. 
When  the  card  is  made  to  rotate,  each  ring  is  tlius  divided  into  tv,  o  equal  sections, 
and  the  section  of  a  black  ring  is  superposed,  as  it  were,  on  a  wiiite,  or  a  white  on 
a  black  when  in  motion ;  or  in  each  revolatioa  of  the  machine  Acre  is  produc«l  a 
sensation  of  light  and  no  light  on  the  same  spot  of  the  retina.  In  this  experiment 
each  contiguous  ring  has  a  different  colour,  one  purple,  tbe  other  a  greenish  yeliow« 
and  each  utemtte  ring  has  the  same  colour. 

Reverse  the  motion,  the  rings  which  were  porpie  will  now  be  yellow,  and  vMt 
•srta,  those  which  were  yellow  will  he  purple. 

There  was  another  diagram  giving  an  analysis  of  this }  showing  how  all  tbe  rings 
Qoald  be  made  of  one  «>lour,  exhibiting  discs  wholly  of  purple  rings,  or  wholly  of 
yellow  rings. 

He  said  that  in  these  experiments,  when  the  revolutions  of  the  machine  were  morS 
than  thiity-two  in  a  second  of  time,  all  colour  was  lost  to  the  eye;  among  othef 
reasons,  demonstrating  to  die  mind  of  the  anthor,  tliat  the  polsations  of  light  art 
not  so  fioqoent  as  science  represents  them  to  be.  He  considered  every  revolntion  of 
the  machine  equivalent  to  an  effective  pulsation  of  light;  and  that  the  usual  experiment 
of  placing  the  prismatic  colours  on  a  wheel*  and  making  them  revolve,  only  proves  the 
inability  of  the  eye  to  estimate  such  rapid  Tibrations,  and  not  tbe  composition  of 
white  light,  for  the  colour  produced  is  a  grey,  not  white*  and  so  is  the  colour  of  his 
eards  when  in  such  rapid  motion. 

To  represent  refracting  substances,  such  as  prisms  or  other  transparent  crystals 
of  any  form,  the  author  said  it  was  necessary  to  make  the  cards  revolve  perpendi* 
colarly,  in  order  to  produce  die  f<»in  of  a  solid.  Several  of  these  were  shown  to 
the  Section.  A  section  of  a  ring  produced  the  figure  of  n  vase  of  a  pink  colour,  with 
n  greenish  centre.  A  semiring  produced  a  vase  oi  a  (liferent  form  and  of  various 
colours*  the  brim  being  of  a  deep  purple.  A  scroll  composed  of  two  semirings  pro- 
duced a  strange  compound  figure,  the  predominant  colour  being  a  deep  dark  green. 

Along  these  figures,  in  given  conditions,  there  is  a  dark  or  a  bright  line,  which  he 
said  was  the  axis  of  motion,  and  might  be  considered  as  the  line  of  no  motion  or  of 
no  refiexioo,  or  of  intermittent  reflexion,  according  to  tbe  coMtroction  of  the  figure. 
The  card  can  be  cut  so  as  to  represent  bodi  phases— die  black  and  the  colonrcd— in 
the  same  fi2;ui"e. 

Ihe  author  m  his  paper  said,  "Are  not  these  plioauiiiciia  very  like  those  of 
polarized  light?"  only  more  astonishtngt  and  more  within  the  range  of  human 
research.  After  looking  at  these  cx[)eriments  he  always  felt  disposed  tO  pOt  the 
question,  "  Wiiat  now  is  polarized  light?" 

lie  also  added  that  the  horizontal  and  perpendicular  experiments  were  constructed 
on  the  same  principle,  and  that  the  colours  are  the  lesnlt  of  die  same  law. 
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In  concluding  the  author  said,  "lie  was  anxious  th;it  phlln^nphera should  become 
acquainted  wdh  those  experiments,  as  he  considered  tliat  the  ideas  which  they  con- 
veyed, and  the  lucts  which  they  revealed,  must  modify  our  views  of  some  of  the  cog- 
nate tciencet ;  and  he  wm  of  otmuon  Uiat  tbey  gave  riee  to  a  new  dieory  of  coloured 
refrarttfjn,  lut  that  he  wns  unwilling  to  tntrr  on  the  subject  of  refraction#  until 
acieotiiic  meu  were  acquainted  with  the  phenomena  of  the  chromos<»pe«" 


CHEMISTRY. 

0»  Otone.   By  Profeaeor  A  n  d  u  k wg,  MM^  BM.S.i  MMJJi, 


On  the  DeodorizatUm  of  Sewage*   By  Dr.  Bihd. 
By  PMfeeior  B.  C.  Bbodik,  FJi.S» 


On  «m  JUaeUtrnt  tf  Znw-Bd^L  By  G.  B.  Bucktom, 


Nidi  om  the  Dutmetion  of  the  Bitter  Principle  of  ChyraiUa  by  ikt  Ay^ney 

Cauttic  Alkali.    By  J.  J.  Colsman. 


Oil  some  remarkable  Relations  existing  between  the  Atomic  IVeighUt  Atomic 
Voktmes,  and  ProperUet  of  the  Chemical  Elemenis.  By  J,  J,  CoLtMAV* 

The  author  oomneiicedbj  refoirioff  to  the  hhoure  ef  Kopp,  Schroeder,  Joale,  and 

Hcrapath,  res]>ecting  the  atomic  voTumei  of  the  non-gaseous  elementary  bodies. 
The  term  atomic  volume  being  defined  as  "  indicatin|^  the  space  occupied  or  kept 
freefrom  the  excess  of  other  matter  by  the  mat«rial  atom  itself  together  with  its  investing 
•phere  of  heat,**  mnrtieolar  attention  was  directed  to  a  fiiet  noticed  some  time  ago  hy 

Kopp,  viz.  that  tne  atomic  volumes  of  several  elements  correspond,  so  that  they  may 
be  arranged  in  groups.  The  nuthor  then  prorreded  to  show  that,  in  takfnir  ^  group 
of  elements  having  equal  or  nearly  equal  atomic  voiumei^  it  would  luvanubly  be  found 
that  the  element  possessing  the  least  atomic  weight  would  he  the  most  chemically 
active,  the  Icnst  dnriMc  ;  nnd,  on  the  contrary,  tliL'  clfuicnt  havinc:  the  grectest 
atomic  weight  would  he  found  to  be  the  most  chemically  inactive,  the  most  reducible 
member  of  the  series.  These  important  facts  were  demonstrated  by  quoting  numerooi 
fvoupa.  ThuMt  amoiigit  othen,  were  brought  Ibrward  the  folloiring,  tlx.  >— 

Atmde  Atoode 

weight.  volumt. 

-4  J  Sulphur  ....     16    101 

>  '  )  Selenium ....    89*5   lOl 

Lead    10d*7   Il4 

3.  ^Silver   106    128 

Gold    197    128 

I  Chlorine  ....     35-5  ......  320 

C.  <^  Bromine  ....     80    320 

(lodme   127    320 

Pboaphorua..    32   211 

Antimony   ..   129   244 

Bismuth....  213    270 


Atomic 

Alonie 

^Mangaiiese .... 

weight. 

volume. 

29     ,  ,  , 

29 

Copper. 

32 

44 

2. 

Palladium  .... 

Chromium  .... 

3.  < 

Molybdenum  .. 

95  ... 

Comparing  together  the  members  of  the  first  frmnp  qtioted,  it  was  noticed  that  msn- 
ganese,  having  the  least  atomic  weight,  is  the  most  chemically  active,  the  most  eager 
la  entering  into  combination  with  other  elements, — iron,  nickel,  cobalt,  and  copper 
foUowmg  m  duo  ozder  $  wtiiUt  tha  ftdlitjr  nith  which  the  iMpaotiTt  metala  iii 
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reduced  is  exactly  the  reverse — copper  with  the  greatest  atomic  weight  bdng  the 
iiKHt  reducible,  tiickel  and  cobalt,  iron  and  mnnn^ancse  following  in  order. 

lii  gruuT)  2,  zmc  being  the  most  active,  the  least  reducible,  and,  ou  tiie  cuntrury, 
platinum  the  inost  inactive,  the  most  redueible,  another  iUuatmtion  of  the  law  is 
aflordt  d, — ^thc  striking  diflerenccs  between  the  weight  of  the  atoms  finding  its  repre- 
sentaliv  c  m  the  equally  striking  dilt'erenccs  between  the  properties  of  the  respective 
metala.  Similar  results  arc  afiordcd  by  the  study  of  other  groups ;  thus  in  the 
chromium,  molybdenum,  and  tungsten  group,  chromium— the  most  activ»»  th«  most 
diflBcult  to  rrd\ico,  the  iriPtnl  foriiiiiiir  the  lar^rrst  numbrr  of  combinations, —possesses 
the  least  atomic  weight  of  any  member  of  the  scries,  and  precisely  as  the  weight  of 
the  atoin  increases,  in  molybdenum,  and  tbeu  in  tungsten,  does  the  chemical  activi^ 
decrease. 

The  group  sulphur  and  selenium  often;  n  pertinent  illustration  of  the  existence  of 
the  law ;  sdcnium  having  an  atomic  weight  2i  times  greater  than  that  of  sulphur^ 
being  to  a  corretpeiiding  extent  the  more  reducible  of  tM  two. 

Lead,  gold,  and  silver  afibrd  another  illustration  of  the  universality  of  the  law,-^ 
lead  having  the  least  atomic  weight,  being  the  mo'^t  nctivf*,  the  least  reducible  and 
gold  the  greatest  atomic  weigiit^  being  the  least  active,  the  moiit  reducibla. 

In  the  group  eblorine,  bromine,  and  iodine,  the  relation  if  rery  evident  (tfia  atoadn 
▼olume  of  chlorine  being  that  of  the  liquid  state).  Phosphorus,  antimony  and 
bismuth,  and  many  other  groups,  when  studied  in  a  similar  manner,  confirm  the 
generality  of  tiic  law,  as  applied  to  groups  of  elements  having  e^ual  or  nearly  e^ual 
atomic  ▼olumes. 

These  interesting  results  induced  the  author  to  extend  the  survey,  and  to  institute 
a  carffi'il  exnmination  into  the  general  relations  existing  between  the  atomic  weight, 
atomic  volumes,  and  properties  of  the  whole  of  the  elements.  Cunsiderublu  details 
were  entered  into,  the  results  arrived  at  Iwing  summed  up  as  foUowi 

1.  That  eli^menls  having  a  small  atomic  v  iipht  and  a  small  atomic  rnlunic,  such 
aa  carbon,  aluminium,  sulphur,  arc  difficult  to  reduce  from  their  compounds.  When 
they  are  isolated,  they  are  endowed  with  a  certain  degree  of  permanence ;  but  the 
limit  of  their  resistibility  is  easily  attained. 

2.  Elements  with  a  small  atomic  weight  and  a  large  atomic  volume,  such  as 
potassium,  sodium,  phosphorus^  are  invariably  active,  and  difficult  to  keep  in  an 
isolated  etate. 

3.  Elements  having  a  large  atomic  weight  associated  with  a  atnall  atomic  volume, 
such  as  platinum,  iridium,  are  characteriMd  by  their  capalnlity  «f  xcfiating  chemical 
and  physical  agencies. 

4.  iSementspoeietsing  alarge  atomieweight,  asfoetated  with  a  larffe  atomie  volume, 
sncli  as  gold,  bumutb,  have  conaidemble  cnemical  activity ;  but  ue  motion  of  tbt 
atoms  appears  to  be  impeded  hy  reason  of  their  great  weight. 

From  an  accumulated  amount  of  evidence  of  this  nature,  the  author  came  to  the 
eomdosion  that  the  cohesive  or  attractive  force  of  tii*  diemical  atom  bean  Mina 
morked  relation  to  (if  it  is  not  represented  by)  the  actual  weight  of  the  atom,  and 
that  it  is  to  the  repulsive  forces  associated  with  the  atom  that  we  must  attribute  the 
variations  in  the  relative  volumes  of  the  elements.  The  correctness  of  this  conclusion 
was  further  confirmed  by  reference  tb  the  atomic  constitution  of  a  numerona  eeriee  §t 
compounds  ;  but  prior  to  entering  into  details,  reference  was  made  to  those  elements 
which  possess  the  peculiar  power  of  condenaing  upon  their  aurfiicea  the  molecules  of 
the  surrounding  medium. 

Attention  was  called  to  ibe  fact  that  elements  or  compounds  possessing  a  small 
atomic  volume  are  invanahly  foimd  to  be  endowed  wifli  this  property,  |ix<mded  tha 
atomic  weight  is  sufficiently  high. 

Thus  carbon,  an  element  remarkable  for  its  power  of  effecting  surface  condensa* 
tion,  not  only  possesses  a  small  atomic  volume,  but  the  smallest  of  any  known  element. 
Again,  the  atomic  volumes  of  zinc  and  platinum  are  equal,  but  their  atomic  weights 
difii?r  widely,  that  of  zinc  being  33  and  of  platintim  98  ;  thus  in  this  group  of  elements 
we  find  that  the  one  possessing  the  greatest  povrer  of  inducing  surface  condensation 
is  the  one  endowed  with  the  highest  atomic  weight.  Other  comparisons  of  a  similar 
character,  and  leadin  p  to  a  similar  result,  induced  the  author  to  bplicrc  that  "  surface 
condensation  is  caused  by  the  cohesive  attraction  of  the  solid  exerted  upon  the  sur» 
Mtt&ding  molecules  of  gas."   This  idea  was  put  forth  soaie  lime  since  by  i)h  Faiaday. 
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The  author  further  extended  it  by  supposij^^  t)iat  the  amount  of  (he  power  of  effect- 
ing turfaee  eoadeniatioa  ii  dependent  upuu,  and  corresponds  with,  the  actual  weight 
of  tlMitoiii,  but  tliat  tht  repuUive  foree  whkh  k«epi  di«  *tociM  amiider,  actiof 

in  a  contrary  direction  to  the  cohesive  force,  preventa  that  cohesive  force  from  pct^ 
ceptibly  acting  ujwn  the  molecules  of  the  medium  in  which  tlie  atom  is  placc^l. 

Resumiug  the  consideration  ut  the  atomic  constitution  of  compounds,  particular 
•ttentioii  VM  directed  to  the  fact  that,  in  a  acviet  of  compounda  or  one  metal  (oxide 

for  instance),  it  would  he  found  that  the  compoun;!  posscsjiing  tlie  most  lu  utrah'ty  (the 
least  ftcfivify)  would  have  the  greatest  atomic  number.  The  term  "  atomic  number  " 
was  defined  as  "  denoting  the  total  number  of  elemental^  atoms  capable  of  bciuf 
eontained  within  the  space  which  vould  be  filled  by  a  smgle  atom  of  hydrogen. 

The  n\imhcrs  broiipht  ("nrwnrd  1)v  the  author  were  qnntcd  from  Gmelin's  %vr)rk«!;  Vnit, 
AS  Gmelin's  atomic  numbers  denoted  the  number  of  compound  atoms  capable  of  being 
TOntained  within  a  given  space,  Km  (Gmelin's)  numbers  were  by  the  author  multi- 
plied by  the  total  number  of  elementary  atoms  contained  in  an  atum  or  equivalent  of 
the  compound.  Thus,  taking  equal  bulks  of  Ir.ul  nnd  oxide  c  f  h  ad,  it  will  bo  found 
that  if  the  lead  containi  ISltf  atoms,  the  oxide  of  lead  will  contain  IttbS  atoms^  half 
of  them  oxygen,  and  Ae  other  balf  lead  atoma.  The  Allowing,  amongat  other  icrieib 
Wife  hmight  forward > 

Aiemie  number. 

(Chromium                          2333    Active. 
Se^quioxide  of  chromium,  •  S610    Xeutml. 
Chromic  acid  ..••••••«•  2o00    Active. 

f  Manganese   3220   Intermediate. 

A    J  Protoxide  of  manganese  . .  2948    ,   Most  active. 

1  Peroxide  of  maqgaaew. ..  •  S777   •   NeottaL 

(  Maoganie  add   ? 

I  Iron   3203    Most  active. 

1  Magnetic  oxide   3486    Intermediate. 

j  Sesquioxide  . ,   3715   Most  neutral. 

(Feirieacid    7 

{Lead   1218    Moetaelive. 

.      1  Oxide  ditto   1888\  Int.rm^i^f^ 

jpb'04    1953/ •*  In*e"n~«t*. 

(  Pel  oxide  of  lead    2475   Most  neutral, 

(Mercury  Perchloride .....    878    ••«•...   Most  active. 

Ditto  Protoehloride   975   ,   Intermediate. 
Mereuiy                        1485    I^aat active. 

Thus  in  the  firat  aeriea  quoted  the  compound  endowed  with  the  most  inactivity,  the 

rnost  nentralitv,  po!(?e«!«ie<!  alsn,  of  the  three,  the  greatc<?t  atomic  number,  so  thnt  in  flie 
union  of  two  atoms  of  chromuun  with  Uiree  atoms  of  oxygen  in  the  productiou  of  this 
flonpoand,  tIb.  the  scaquioadde,  eoniiderable  eoadenaation  molt  oecor.  Chromittw 
Seehemically  aetitre  in  one  dire^on,  oatygen  in  another;  and  on  bringing  the  two 
together,  the  oppn^smj?^  forces  appear  to  neutralize,  and  balance  enrh  other  ;  if  the  pro- 
portion of  oxygen  u  increased,  if  one  atom  of  chromium  is  united  with  three  of  o.\ygen, 
a  compound  ta  produced,  not  neutral,  but  endowed  with  great  activity  ;  and  eonaeeted 
with  that  activity  is  the  important  fact,  that  itH  constituent  atoms  are  wider  apart 
than  the  constituent  atoms  nf  the  sesquioxide,  the  neutral  member  of  tlie  scries. 
Examining  the  succeeding  scries  in  a  similar  manner,  ei^ually  striking  and  interesting 
reanlta  were  obtained. 

The  paper  coiicUuled  with  the  following  remarks  : — 

To  seek  for  an  explanation  of  tht*  plipnomonn  we  Inive  been  studying  is  a  natural 
Impulse;  thai  an  cxplaiiutiuu  cannot  be  given  v^uhunt  resorting  tu  hypothesis  is  very 
obvious ;  but  if  an  hypotheaia  can  be  advanced  which  will  connect  the  facta  together, 
which  will  tend  to  enlarge  our  views  \ipon  the  subject,  and  which  will  not  be  incom* 
patible  with  weil-known  and  cstabii^hc(l  f.ict-*,  surely  that  hypothesis,  whatever  it 
may  be,  is  worthy  of  our  present  attention.  There  is  no  need  to  imagine  the  existence 
jpf  any  new  jforee,  any  new  agency ;  the  whole  of  the  phenomena  can  be  aatiibctorUy 
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accounted  for  on  the  supposition  that  the  force  which  gives  chemical  activity  to  the 
atom  is  identical  with  the  force  which  keeps  the  atom  asunder,  and  that  the  cohesive 
power  of  the  atom  is  represented  by  its  weight,  'i  hus  putasitium  has  a  powerful 
chemieal  force,  an  electro-poaitive  force  (if  we  are  ao  pleased  to  name  it),  and  that 
force  confers  activity  upon  the  atom,  niid  by  ils  belf-repuliiive  nature  keeps  those  atoms 
widely  asunder.  Chlorine  has  an  activity  ol"  quite  an  opposite  character,  nn  elertro- 
uegative  activity,  and  the  self-repulsive  nature  of  that  force  keeps  its  aton^b  widely 
apart.  Bot  when  the  two  elements  are  brought  together,  the  activity  of  the  one  do* 
stroys  the  activity  of  the  other,  the  repulsive  force  of  the  one  destroys  that  of  the  otlicr  ; 
consequently  the  cohesive  force  (a  force  represented  by  the  weight  of  the  atom) 
immediately  comes  into  play,  and  its  effects  are  manifested  by  the  great  condensation, 
the  permanent  character  of  the  resulting  compound.  Tha  argamont  then  is,  that  ic 
is  chemical  force  nr  ckctricnl  attraction  (tor  the  two  terms  are  by  many  considered  aa 
^uonymous)  whicii  determines  the  combination  of  atoms;  but  that,  when  combina- 
tion actually  occurs,  the  very  force  which  oceations  it  it  masked,  neutraliied,  Ae 
dementa  of  the  compound  being  merely  held  together  by  the  cohetiva  ftree,  wbwh 
corresponds  with  and  depends  upon  the  absolute  weight  of  the  atom. 

In  conclusion,  the  autuor  remiuded  the  members  of  the  Section  that  the  bypotheait 
advanced  iboold  be  conaideied  aepafate  and  distinct  ftem  the  numeroaa  laeta  wUdi 
it  bad  baen  bis  oljeet  to  bring  befcte  their  notice. 


On  a  new  Orgame  Compomid  containing  Boron, 
By  Dr.  Frankland  and  B.  Duppa. 

The  authors  rxhibittcl  a  new  body  obtained  by  the  action  of  zinc-ethyl  on  boracic 
ether,  iu  which  the  wLule  of  the  oxygen  in  boracic  acid  is  replaced  by  ethyl,  B(CH,),. 
This  boric  li  ietkide  is  a  colourless,  mobile  liqui«^  spontaneously  inflammable.  The 
authors  are  engaged  in  investigating  the  corresponding  rcaetton  on  tlie  ethevs  cf  car- 
bonic oxalic,  and  ailicie  acids,   


(.'hrmlcol  Notes.    By  Dr.  Gladstone,  F.R.S, 

The  hrst  of  liiese  notes  reierred  to  the  gradual  reduction  of  hydrate  of  cresyl  into  hy 
diate  of  phenyl  and  other  compounds  through  tlie  agency  of  chloride  of  calcium  or  tine : 

the  second  described  a  crystaUinr  prccijsitatf^  nlit  iined  by  the  addition  of  hydrofluoric 
acid  to  molybdous  ciiloride:  the  third  showed  by  an  analysis  of  the  diifusate,  that  when 
equivalent  proportions  of  choride  of  sodium  and  nitrate  of  baryta  are  mixed  together 
in  solution  ana  diffused,  four  salts  exist  contemporaneously  in  the  liquid ;  or  in  other 
words,  a  pnrtiun  of  each  acid  combines  with  a  portion  of  eac  h  brt<p  ;  thus  alRnrdtngaB 
additional  evideuce  of  the  generality  of  the  hnv  of  reciprocal  decomposition. 


0/4  the  Trammission  of  Electrolysis  across  Glass* 
By  W.  R.  GuovE,  Q,C.,  FM.S.  ^c. 

tf  ghu%  or  an  equally  non-conductinc  substance,  be  interposed  between  electrodes 
in  an  electrolyte,  so  that  there  be  no  liquid  communication  around  the  edges,  it  ia 

hardly  ncces-^arv  to  -^ay  that,  according'  to  received  opinions  and  rxperiments,  no 
current  passes,  and  no  electrolysis  takes  place.  Mr.  Grove  was  led  by  some  theoretic 
eenriderations  to  think  that  this  rule  might  not  be  without  an  exception,  and  the  follow- 
ing experiment  realized  his  view:— A  Florence  flask,  well  cleaned  and  dried,  was 
filled  two-third?  full  of  distilled  water,  with  a  few  drops  of  sulphuric  nrid  ndtli-d  to  it, 
and  placed  in  an  outer  vessel,  containing  similar  acidulated  water,  and  which  reached 
to  tlM  same  height  as  the  liquid  in  the  interior.  A  platinum  wire  was  passed  through 
a  glass  tube,  one  end  of  whicn  was  hermetically  sealed  to  the  platinum,  so  that  a  small 
part  of  the  wire  projected  beyond  the  tnhi?.  'WU  tube  passed  through  a  cork  fitted  to 
the  flask,  and  the  platinum  point  was  dipped  into  tiic  liquid  wilbin  the  ilask,  and  a  simi- 
lar coated  wire  was  dipped  into  the  outer  Ifquid,  and  the  two  wires  connected  with  the 
extrrmiti.'s  of  the  si  c  uitlary  coil  of  a  RuhnikorfTs  apparatus.  Upon  tVin  latter  being 
excited  by  the  battery,  a  stream  of  minute  bubbles  aro?e  from  both  the  plaiinum  point?, 
proving  that  electrolysis  took  place  uotwithstandine  the  interposiuon  of  tlie  glass.  The 
pttttioQi  of  the  Ml  abora  the  liquid,  both  mitBide  md  iniMfl^  were  pcffbctly  dry,  ao 
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that  there  could  have  been  no  communication  of  thr  nirrrnt  over  the  surface  of  the 

f;lasa.  Thia  was  further  proved  by  removing  the  outer  wire  u  short  distance  from  the 
iquid,  wbmi  sparks  passed  nearly  equal  in  length  to  those  between  wires  from  the  ter- 
mmals.  As  tliL'  nul  t  wire  was  furihrr  removed,  keeping  it  near  llie  fla  k,  sparks 
passed  Blonir  the  suriVicc  of  the  latter  lor  a  short  distance;  and  as  it  was  further  re- 
moved from  the  liquid,  still  being  near  the  flask,  they  ceased,  thus  showing  that  there 
was  no  paaiege  cf  eleetrictty  over  the  npper  and  unwetted  surface  of  the  ^ats.  With 
unacifhilatcd  water  no  electrolysis  was  observed,  nnr  when  a  battery  of  thirty  cells 
was  used  instead  of  RuhmkoriTs  coiL  In  the  lirst  experiment  the  evolution  of  gas 
l^radually  diminished,  and  ceased  in  about  twenty  minutes,  but  recommenced  on  rever- 
pIDg  the  current.  Mr.  Grove  concluded  that  the  electrolysis  was  effected  by  induction 
aerosR  \he  thin  olnss  of  the  Florence  flask,  and  that  its  cessation  indicated  aomethlDg 
like  a  state  of  charge  or  polarization  of  the  surface  of  the  glass. 


Om  the  Oxidatum  of  Potassium  and  Sodium,   By  A.  Y£RK0N  Hahcourt. 


On  the  Composition  oj  thc  Ash  of  Wheat  grown  under  various  circumstaneee* 
By  J.  B.  Lawes,  FJi,S^  and  Dr.  J.  H.  Gilbert. 


Oti  tlie  Atomic  Weight  of  Oxygen.  By  Prof.  W.  A.  Miller,  M.D.,  F,R.S. 

In  this  paper  the  author  pointed  out  some  practical  objections  to  Gerhardi  s  pro- 
posal Ibr  douDling  the  atomie  number  for  oxygen. 

It  has  been  stated  that  one  advantage  wliit  h  \voul(]  he  obtained  by  adopting  the  pro- 
posal, wo\ild  be  that  it  would  remove  all  inconsistency  in  the  vapour  volumes  of  all 
compound  bodies  by  representing  them  all  as  of  equal  volume. 

Too  anchor  oommenced  by  showingthat  this  assumed  consistency  was  only  imaginaij, 
inasmuch  ".uch  iiniforniity  Anr<^  not  exist  in  nature.  In  addition  to  the  differences 
existing  between  the  vapour  volumes  of  the  protoxide  and  deutoxide  of  nitrogen,  similar 
irregularities  exist  in  the  volume  of  chlorous  acid,  and  of  bisulphide  of  mercury  and 
some  other  bodies. 

The  practical  objection?,  if  n  notation  in  harmony  with  this  view  were  adopted)  wets^ 
be  stated,  of  still  greater  weight,  and  might  be  summed  up  as  follows : — 

1.  The  ordinary  notation  is  known  to  every  one  who  has  made  the  science  of  che- 
nistrjr  his  study.  2.  All  the  memoirs,  with  die  exception  of  a  few  in  later  years,  are 
written  in  nccordance  with  this  system,  and  a  change  of  notation  wonld  at  once  render 
these  memoirs  less  easily  accessible  and  intelligible.  3.  The  new  nolation  required 
would  not.ba  in  harmony  with  die  language  of  chemistry,  NO,  for  example,  would  be 
CiJled  himmde  of  nitrogen,  but  written  as  a  protoxide.  4.  The  present  system  of 
notation  is  capable  of  expressing  all  the  Inter  theories  with  perfect  precision,  while  it 
is  applicable  to  the  older  views;  but  the  new  notation  is  not  applicable  to  many  of  the 
older  views*  By  the  ordmary  notatbn,  nitrate  of  fiotash,  for  instance,  may  be  repra- 
aented  either  as  a  compound  of  potash  and  nitric  acid  (KO,  NO  ),  or  as  a  combination 
of  potassium  with  nitrion  f  K,  NO,),  or  as  an  aggregation  of  parti  le^  \vithout  indicating 
an^'  specific  mode  of  combination  (KNO^);  whereas,  in  the  new  notation,  unless  its 
pnnciple  is  ahand<nied  by  doubling  the  lonnuhe,  it  is  impossible  that  (KNQ,)  should 
be  represented  as  formed  of  potash  and  nitric  acid.  It  would  therefore  be  a  retro- 
grade step  thus  to  exclude  from  our  notation  the  power  of  inrlif^fitinn'  the  constitution 
of  a  large  class  of  compounds  upon  a  view  which  has  long  been  more  or  less  prevalent. 
5.  Any  extensive  change  of  nomenclature  or  of  notation,  while  the  truth  of  tha 
theorj'  upon  which  it  rests  is  still  inider  discussion,  cannot  but  lead  to  serious  incon- 
venience. If  such  a  practice  were  admitted,  every  new  theory  would  be  privileged  to 
introduce  a  new  language,  wliich,  in  a  continually  progressive  science  like  chemistry, 
would  soon  give  way  to  an  equally  transitory  successor.  Chemistry,  it  must  be  ve- 
mcn)borcd,  is  not  merely  a  science  :  it  is  also  on  art,  which  has  introduced  its  nomen- 
clature and  its  notation  into  our  manufactories,  and,  in  some  measure,  even  into  daily 
life ;  it  is  therefore  specially  necessary  to  beware  of  needless  innovation.  Any  system 
of  notation,  it  must  also  ha  home  in  mind,  is  a  mere  artificial  contri?aaoe  to  repreesal 
to  tha  mind  certain  changes  or  certain  hypotbosea;  and  to  aigua  (br  a  aystamcs aalR« 
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tion  as  though  it  were  anytliing  more,  as  has  sometimes  been  done,  shows  a  want  of 
true  appreciation  of  Ita  meaning. 

The  question  to  be  considered  is  not  simply,  what  it  in  tlie  abstract  the  best  mode 
of  notation,  but  what,  cou'iideritTj;  all  the  circumstances  of  the  science,  possesses  the 
greatest  advantage.  Tbut  system  of  notation  which  is  consistent  witn  itseiff  and 
which  lends  itself  most  completely  to  the  expression  of  the  tarious  theories  and  aspects 
of  the  science  which  have  been  maintained,^or  may  I  c  matntuned,  is  thenfov^  pliilo- 
sophically  speaking,  the  best.  And  fuch  grounds,  it  appeared  to  the  Mlthor«  exist 
for  continuing  to  use  the  system  iutherto  generally  adonted. 

The  qvestum  of  notaUon,  it  was  observed,  is  entirely  independent  of  Gerhardt's 
theory  of  the  atomic  constitution  of  the  elements  to  which  he  proposes  to  apply  it,  for 
cvon  those  who  admit  the  truth  of  his  hypothesis  may  still  express  it  by  the  ordinaiy 
mode  of  notation. 


Remarkt  m  the  Vohime  Theory,   Bjf  C.  Moeitz  voh  Bosb* 

It  is  endeavoured  to  show  that  the  theory  of  Tolnmes  which  separates  gases  from 

other  bodies  must  be  untrue;  that  there  is  no  generic  dlfTeronce,  but  a  difference  of 
decree  only  between  gases  on  the  one  hand,  and  solid  and  fluid  substances  on  the 
o£er ;  that  therefore  the  three  atates  of  aggregation  may  be  considered  under  the 
same  aspect. 

And  it  is  suggested  that  one  equal  standard  be  it  trorluced  for  the  specific  fyiavity 
of  gases  and  oUier  substances ;  and  that  the  atteuiiun  of  mathematicians  be  drawn 
to  the  numbers  of  equivalent  weight  and  atomic  volume  (as  obtained  on  udng  equal 
standard),  with  the  view  to  solve  the  question  whether  those  numbers  being  inter, 
preted  as  relative  di^tnrrccs  of  equivalent  masses,  chemical  processes  can  be  accounted 
for  by  the  law  of  gruviution. 

On  a  New  Acetic  Ether  occurring  in  a  Natural  Resin, 
By  Warebn  De  la  Rub*  ^M,Sn  and  Dr.  Huoo  MOube. 


On  the  Isomers  of  Cumol. 
By  Waeebn  Db  la  Eub»  and  Dr.  Hugo  MOllee. 


On  the  Ppprcfsmfai'wn  of  Neutral  Salts  on  the  type  of  a  Nattral  Peroxule  HO, 
imiead  oj  a  Basic  Oxide      O,.    By  Lyon  Playfair,  Ph,D.,  F,R,S, 


On  the  Analysis  of  some  Connemnra  Minerals.    By  Thomas  H.  Rowket^ 
Ph.D.y  F.C.S.y  Prof,  of  Chemistry^  Queen's  College^  Galway, 

Caimemara  Andalusite. — Occurs  in  right  rhombic  nrisms,  having  apparently  the 
same  regular  measurement  as  the  Tyrol  mineral ;  it  has  a  rhombic  deavage,  rather 
eminent  but  interrupted ;  lustre  of  cleavage  planes  rather  high,  and  somewhat  resinoiis ; 
colour  of  frarture  rrddish  puiple ;  the  cross  fracture  is  dull.  Occurs  in  a  vein  of  mica- 
ceous schist  associated  with  quartz  and  a  silvery  mica,  apparently  maguesian.  Faces 
of  crystals  slightly  blistered. 

Specific  gravity  3-070. 

Silica   36-92 

Alumina   60*73 

Sexquioxide  of  iron   '18 

Lime   ViO 

Magnesia  'SO 

Tracts  of  manganese   „  9S'33 

Connemara  Pi/rosclerite. — Bluish  green  ;  lustre  somtnvb-tt  nn  the  surface  of  a 

fracture,  translucent;  bears  a  polish,  but  not  very  higii,  owing  to  its  being  rather  soft; 
contains  arboriiatioiii  Ifto  those  of  mose-agate,  generally  of  •  brown  and  dark  green 
colour ;  readily  reduced  to  powder,  and  ia  decomposed  by  strong  acids  without  gelar 
tinixing* 
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Specific  gravity  2-604. 

Silica   31'71 

Alumina   17*18 

Magnesia   36'5G 

Water    11H>  99*94 

Cotmemnra  Gnntet. — Occurs  in  rhombic  dodccahe'lrons  with  bevelled  edges;  faces 
of  crv'stais  have  a  metallic  lustre,  colour  resembling  bronze.  The  matrix  appears  to 
contut  of  the  aine  roinerri  mixed  with  cpiiloie. 

Specific  gravity  3*585* 

Silica  .   39*77 

Alumina   •••.«.•.«•••••  15*19 

Scsquioxide  of  iron    10*27 

Liiue   25*98 

Mflgneda   2*06 

Maoganeie   '48— 100*05 

jinaljfw  ijf  (ke  Mvtrut, 
Specific  gimvity  3*404. 

SilJca   39-27 

Alumina   •   18*21 

Seequtaide  of  iron   15*1! 

lime   2.3*45 

Magnesia   3*17 

Traces  of  manganese   ..•••.«•     u  -—99*21 


On  the  Composition  oj  Jet,   By  TiioMAS  H.  Uowney,  PhJ)^F»C*St 
Prof,  of  Chefnistryj  Queens  College,  GeUuKty* 

The  following  le&uUs  were  obtuiucd  by  the  analysis  of  two  specimens  of  jet  and  of 
a  very  pun  coim>  a  portion  of  a  fowil  plant: — 


Jet  No.  1. 

Specific  gravity  1*2655 
rAlt*                    4119  . 

Jet  No,  a. 
Specific  gravity  1*1743 

1*2860 

71*65 

28.35 

Vdntile  matter 

.  *  .  • 

»  *  »  • 

100-00 

100*00 

100*00 

82-70 
5-12 
1*77 

8*57 

1*54 

NitrofjPTi  ... 
Sulphur  and  \ 
Oxygen  / 

..  6-21 

7*21 

.... 
.  •  •  • 
.... 

a  .  «  ■ 

.  .  «  • 

100*00 

10000 

100*00 

On  fTaUipreoJ  and  Unakerahie  SmaWarm  Cariridffei,   By  T.  Scofferk. 


Oil  a  New  Form  of  Bhujripe  for  LabonUory  Use, 
Bjf  Dr.  Hbruahn  Sprekoeu 

Mr.  Smoae  exbtbited  loroe  forme  of  Alkalimeten  suggcttcd  by  Mr.  Wtert. 


On  7%iotheriHe,  a  Suhkmviitd  Pnduei  ofDoempotUkm  ofAJ^umhuouM 

itoncei.  Bff  Dr.  Thvdicnvm, 
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Oh  ike  Oeeurrence  of  Poisonous  Metalt  in  CAtue, 

By  Professor  Voelcker. 

The  author  stated  timt  he  hnd  detected  both  cupper  and  zinc  in  cheese :  in  some 
Bpeciiitens  copper,  in  others  zinc,  and  in  some  both  copper  Mid  zinc  were  found.  The 
deacription  of  cheese  in  whidi  the.se  poisonous  metals  were  found  was  donble*Glott* 
cester  cheese.  Skiinmed-milk  cheese,  «liich  wns  likewise  ex.iinined  for  copper  ond 
zinc,  did  not  contain  any  metallic  impurity.  8tiUon«  and  other  varictiei  of  cheese, 
have  not  as  yet  been  examined ;  it  mutt  not  therefore  be  inferred  that  cheeao  mado 
in  other  di«tricti  than  Gloucestershire  contains  poisonous  metals.  Inauiry  in  tha 
dair^'  districts  of  Gloucestershire  and  Wiltshire  has  kd  to  the  discovery  that  in  many 
dairies  in  these  counties  sulphate  of  copper,  and  sometimes  sulphate  of  zioc«  are 
employed  in  tb«  nnking  of  cheese.  The  reasons  for  which  these  prejudicial  salts  ate 
added  to  the  cheese  are  Tariously  stated.  8onic  persons  added  sulphate  of  zinc  with  n 
view  of  giving  !ic\T  cheese  the  taste  of  old  ;  others  employed  sulphate  of  copper  for 
the  purpo«a  ut  preventing  the  heaving  of  cheese.  Dr.  Voelcker  also  stated  that  he 
bad  feand  alom  in  Gloocaster  checae,  and  menUonad  that  ha  bad  learnt  that  in  soma 
dairies  alum  was  amployed  to  dftet  n  mora  eompleto  aepomtion  of  tha  caserne  from 
the  whegr« 

Gf*  (he  Causes  <^  Fire  in  Turkey-red  Stoves*   By  Dr.  W.  Wallack* 


GEOLOGY. 

NQk»  an  iwo  newly  discovered  Ossijh  ous  Cava  in  Sicily, 

By  Baron  F.  Anca. 

FouNO  in  the  Grotta  de  Olivella,  near  Palermo.  Molar  of  EUph.  AJncanus  (the 
existing  species),  antidii  bones  and  tectb  ofan  extinct  species  of  Hlppopotamut,  both 

in  a  well-marked  fossil  slate,  and  infiltrated  with  hydrate  of  iron. 

(irotta  dc  Sun  Feodora.    Molar     EU-pli.  AJricauus^  with  a buiident remains; 
and  lower  jaws  uf  Jiyeetta  crocula,  detenuincd  by  M.  Lartet. 

Facts  go  to  prove  eontinttity  of  land  between  Sicily  and  the  African  continent,  pro* 
hably  along  tlic  line  of  the  Adventure  Bank  of  Admirnl  Smyth,  stretching  between 
Capn  Bono,  the  (jrouiontory  of  Tunis  ond  Marsala.  The  Admiral  found  only  76 
fatlioms  sounding  upon  the  bank ;  but  a  deep  sea  to  the  north  and  tu  iliu  south. 

Proofs  of  eonttnuity  with  Sicily  are  found  at  Malta. 


Xh§aih  respectinfj  a  Nail  found  in  Kingmdie  Quamj,  1843» 
By  Sir  David  Brew&ter,  KM^  D*C*L,^  FJtt»S* 


On  Ifte  Stratigraphical  PoiUkn  tf  eeriain  Species  of  Corah  in  the  Lias* 
By  the  Reir.  P.  B.  Bbodib,  JSjin  F,G,S* 

The  author  first  alluded  to  the  exact  position  of  a  species  of  Coral  fotuid  in  the 
Hippopodium  bed  near  C  iH-ltniham,  and  fliiotlicr  locality  npnr  Evcsluim,  where  the 
same  iorm  was  ec^uuUy  ubuudant.  Another  and  ilii>unct  genus,  &  AJontiivaitia  allied 
to  Stutehhurift,  was  procured  in  the  same  bed  in  Warwickshire,  associated  with 
numerous  other  fossils,  and  a  section  of  the  pit  was  given.  Other  and  distinct  speciea 
of  Cornllinr!*,  oi\e  of  Mhich  from  Gloucestershire  belong>?  to  the  genus  Cladopfiyllia, 
were  known  to  occur  lower  down  in  the  '  Limn  beds/  the  probable  position  of  the  fine 
Jnutrtn  JHurekkoHit  found  occasionally  in  Worcestershire  and  Warwickshire.  One 
or  more  additional  species  have  been  met  with  in  the  bottom  beds  of  the  Warwickshire 
Lin",  whirh  had  not  been  jireviously  observed  so  low  down.  The  divisions  of  the 
Lias,  wliich  seem  to  be  characterized  by  ll»e  presence  of  Corals,  arc — 1,  the  IJippo* 
podium  bed;  2»  the  Lima  bed ;  3»  the  White  Lias;  and  4,  the  Guinea  bed.  So  tnat 
It  Wduld  nppcnr  that  Cornl'^  fire  iiiorc  rumcrniis  in  the  I.ini  than  ha"!  hem  nsually 
supposed,,  and  that  they  occupy  certain  zones  in  it,  w  hicii  future  investigations  may 
show  to  Im  as  well  marked  and  distinctive  as  that  of  any  other  particular  organisins. 
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A  few  Corals  have  bean  eaoordcd  from  the  Upper  lau,  but  thej  are  emaller  and  lew 
fte^pient  tlum  tbe  tbef«*   

Oh  ike  Vdocity  of  Earthquake  Shocks  in  the  Laterite  iff  Jndkh 
J9y  Joifv  Allan  Broun,  F.R.S. 

Mr.  Mallet's  iaterestlng  observations  oa  the  velocity  of  earthquake  shocks  had 
drown  my  attention  to  the  subject ;  and  when  earthqaakee  were  remarked  in  TVamn* 
oore,  the  pait»  South  of  India,  where  I  reeidcd,  I  endeavonred  to  add  something  to 
our  knnwlcdcrc  of  tlie  subject. 

Four  earthquakes  were  perceived  in  Travancore  during  the  year  1856;  that  to 
which  I  am  about  to  allude  was  obeerved  at  the  Trevandran  Observatory,  August  22, 
where  the  commencement  of  the  shock  was  noted  accurately  by  tbe  Observatoqr 
clocks  at  4^  25"  10*  of  Trevandrum  inean  time.  The  magnets  in  the  magnetic 
obienratory  were  dancing  up  and  down  with  sharp  jerks,  but  without  any  change 
of  ntan  positions;  a  vessel  containing  water  was  wetted  highest  on  the  pointo  to 
W.N.W.  and  E.S.E.  The  vibration  of  the  bifilar  magnet  was  3*0  scale  divisions  a 
few  minutes  after  tlie  shock.  On  the  11th  of  the  same  month  a  shock  had  been 
felt  at  Trevaodrutu,  and  I  had  addressed  a  circular  to  several  persons  in  the  district 
for  information  as  to  the  time,  direction,  and  eharacter  of  the  shock :  this  circular 
had  drawn  attention  to  the  questions  of  interest  in  connexion  with  such  shocks. 
One  gentleman  at  Quilon  (thirty-seven  miles  X.W.  of  Trevandrum)  was  writing 
an  account  of  the  former  shock  when  the  bhock  uf  August  22nd  occurred.  Four 
gentlemen  and  one  lady  noted  the  time  of  the  shock  at  Quilon ;  these  times  were 
as  follows: — Mr.  D'Albed'yhll  and  Mr.  Newas  (same  watch),  4^  20";  Capt  Carr, 
4^^  25*";  Mr.  Stone,  4''  19"';  Mrs.  Wilkins,  4''  16".  A  hn\  chronometer  hv  Dent 
was  sent  by  me  to  Quilon,  for  the  purpose  of  comparmg  it  wiih  tiie  didercnt 
wa^es  or  clocks  used  in  the  determination  of  the  time  of  the  shock :  the  rate  of  the 
chronometer  was  +8  seconds,  and  the  error  was  determined  befure  and  after  the 
comparisons,  which  were  made  August  27th.  The  following  are  the  facts  c  nnectcd 
Wlh  the  obiiervations : — Mr.  Newus  had  set  his  watch,  on  the  17th  ol  August,  to 
at  sunrise  \  allowing  for  the  height  of  the  chain  of  Ghats  where  the  sun  rose, 
I  have  computed  that  BunrFse  must  have  been  about  3  minutes  before  six  o'clock : 
thp  watch  hnd  been  allowed  to  run  down  after  the  shock,  so  that  it  could  not  be 
compared  with  the  chronometer.  Supposing  the  watch  without  any  marked  rate, 
the  TVvvandrom  mean  time  of  the  shock  was  4**  18|*.  Mr.  Stone  had  set  his  watch 
August  17,  by  the  time  of  the  Trevandrum  Observatory  v-}iere  a  ball  is  drnppod 
daily  at  eleven  o'clock) .  When  compared  with  the  chrouometer,  it  had  pained  J"*  J6' 
giving  a  daily  rate  of  about  4-21**5;  so  that  on  the  22nd  the  enor  of  the  watch 
must  have  been  about  I"*  47*.  and  the  shock  must  have  occurred  about  4* 
Trevandrum  mean  time.  Thi-  by  far  the  nio-t  important  observation  ;  the  others 
can  be  considered  only  as  approximate  determinations.  Capt.  Carr's  watch  was 
found  fourteen  minutes  fast  of  Trevandrum  time  on  the  27th  j  supposing  the  rate 
leio,  the  time  of  shock  was  4^  1 1".  Mrs.  Wilkins*s  clock  had  been  compared  witii 
the  mess  clock  of  the  nati  ve  regiment  at  Quilon,  which  was  regulated  by  persons 
proceeding  from  Trevandrum,  with  the  Observatory  time,  and  which  was  found 
correct  when  compared  with  die  chronometer.  Mrs.  Wilkins's  clock  was  three  mi- 
'  nutca  slow  of  TVevandrum  mean  time,  making  the  time  of  the  clock  4^  The 
four  observations,  therefore,  corrected  to  Trevandrum  mean  time,  gave— 

h  ro  h  m 

Mr.  Newas   4  IS^     Mrs.  Wilkins   4  19 

„  Stone   4  17i    The  mean  gives   4  10| 

Capt  Carr   4  ii 

There  can  be  no  doubt  that  Mr.  Stone's  observfition  is  the  most  trustworthy,  as 
bis  time  de|>ends  on  two  comparisons  with  tbe  Trevandrum  Observatory,  viz.  on  the 
17ih  and  27th ;  and  the  deduced  error  for  the  middle  of  the  interval  (the  93nd)  caii» 
not  be  far  from  the  truth.  Mr.  Newas's  observation,  which  i^cs  with  it  within 
about  a  minute,  deprnds  wholly  on  the  observation  for  the  sunrise;  it  is  so  far  con- 
hrmatory .  Rejecting  Capt.  Carr's  obaervatioo,  as  differing  too  much  from  the  others, 
the  mean  of  the  rcmaimng  three  la  4*  18  J*« 

If  wa  MppoM  the  ebotdt  t9      ti»vfl|ed  in  th^  diifction  finm  Qniloa  tolktraa* 
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drum,  which  docs  not  differ  much  from  that  indicated  by  the  vessel  of  water,  and 
tiike  tiie  distance  at  thirty-sevea  miles,  we  obttfn  a  veloaty  of  propagatioa  of  470 

feet  per  second ;  and  if  we  take  the  latest  result  at  Quilon,  or  4*"  19™,  we  have  still 
a  velocity  of  only  530  feet  per  secnntl  little  more  tlian  thrcc-tifths  of  that  found 
by  Mr.  Mallet  in  wet  sand.  If  wu  take  the  W.N.W.  as  the  direction  of  propoga- 
tioD  of  the  shock,  or  any  oUier  than  that  direct  from  Qailon,  the  velocity  willof 
course  be  diminished.  It  should  be  remarked  that  tli^  latcritc,  ^vliicli  forms  the 
upper  stratum  (about  30  feet  deep)  between  Quilon  and  i  revandnmj,  is  i\  cla\  ry 
rock,  in  a  semi-pasty  cooditiou  of  perliapa  the  lowest  degree  of  elasticity  ;  and  the 
laterite  reposes  in  some  places  on  strata  of  sand  and  clays. 


On  the  Course  of  the  T^irrmrs  from  Lecfdadc  to  JFinffxor,  as  ruled  by  the 
Geological  PornuUions  over  which  it  peases*   By  t/te  Kev.  J.  C.  Cluttkr- 

BUCK,  JI^, 

The  tortuous  eomw  of  the  Thames  betweei^  Lechtade  and  Windsor  shows  that 

there  must  be  some  physical  cause  which  obliges  it  to  deviate  from  the  straight  line 
it  would  naturally  take  to  its  outfall.  This  is  found  in  the  obstructions  encountered 
in  its  passage  over  or  tiuough  the  various  strata.  From  Lcchladc  to  Saudtord  the 
river  finds  its  bed  in  Ae  Oxford  clay ;  it  then  passes  through  a  narrow  gan  in  the 
middle  oolite  to  tlie  Kimmeridf^e  clay,  holds  its  course  on  that  clay,  under  the 
escRrpment  of  the  Irnti-«?\nd  in  Nuncham  Park,  turns  the  escarpment  at  Cullmm, 
passes  to  the  Gault  at  Appleford,  touches  a  ledge  of  the  Iron-sand  at  Clifton  liauip- 
dan,  returns  to  the  Gault,  enters  the  Greensand  near  its  junction  with  the  Thame 
stream,  passes  tn  the  Chalk,  in  which  it  finds  its  bed  t(  tlic  pohit, — which  is  the  limit 
proposed  for  consideration.  The  natural  obstructions  are  found  at  the  junction  of  the 
different  strata.  The  quantity  of  water  flowing  down  the  river,  whether  issuing  in 
perennial  springs,  or  thrown  from  the  sur&ce  in  flood,  is  doe  to  the  geological  condi- 
tion of  the  district.  The  tributiirios  or  feeders  discharge  more  or  less  of  ]H  rentnal  or 
flood  water,  as  they  carry  the  water  from  permeable  or  impermeable  strata ,  The 
flooding  of  the  district  necessarily  afibcts  the  sanitanr  condition  of  Oxford,  i  he  citv 
itself  is  placed  on  a  bed  of  gravel,  overlying  the  Cncford  clay,  the  surface  of  which 
undulates  so  that  the  water  is  stankcd  back  in  the  gravel ;  it  was  rnttin;'  thrnngh  one 
of  these  undulations,  in  carrying^  out  the  Jericho  drainage,  that  deprived  many  wells 
in  Oxford  of  their  water.  As  this  bed  of  gravel  extends  beyond  the  limits  of  the  city, 
on  the  snbiidence  of  the  floods,  the  water  filtrates  through  the  gravel,  and  thus 
noxious  evaporation  is  diminished.  Considerable  accunnihitions  hnvc  raised  the  bed 
of  the  river  in  many  places,  evidence  as  tu  the  date  of  which  is  Ibund  in  antiquities 
which  have  been  discovered  when  constructing  locks  or  weirs,  or  in  dredging  for  gravel. 
At  Sandford,  arms  of  the  time  of  Charles  I.  have  been  found  8  feet  below  the  river* 
bed,  relics  of  greater  antiquity  and  at  various  depths  have  often  been  found  in  other 
places,  where  the  bed  of  the  river  has  been  raised,  or,  as  in  some  cases,  entirely 
changed  its  coone.  The  phenomenon  of  the  formation  of  ice  at  the  bottom  of  the 
stream,  when  the  temperature  falls  to  20  Fahr.,  and  the  transportation  of  stones  from 
the  bottom  by  the  ice  rising  to  ihe  surface,  adds  to  the  nntnrnl  ob<(f ructions  in  the 
Stream,  ami  hinders  the  passap;e  of  the  flood-waters  by  which  so  much  damage  has 
been  done  at  various  times  m  the  neighbourhood  of  Oxford.  The  paper,  whidi 
altered  into  full  details,  was  illustiated  with  a  map,  eactioni,  and  diagrams. 


Photofipraphs  of  a  i'addle  of  Pliotauriu  of  great  sixe,  found  at  Kimmeridge,  were 
exhibited  by  Mr.  R.  Dakoh,  of  Weymouth. 


Mmarks  on  the  Elerafion  Theory  of  Volcarun, 
By  Professor  Dai  rfny,  M.D.,  F.R.S. 
This  paper  was  chiefly  intended  as  a  protest  against  the  assumption  of  certain  geo- 
logists, that  because  it  bad  been  shown,  more  evpedally  by  Sir  Charles  Lyell  in  hb 
memoir  publinhed  in  the  *  Philosophical  Transactions '  for  1858,  that  sheets  of  compact 
lava  have  been  formed  on  steep  inclines,  it  therefore  followed,  that  all  volcanic  moun- 
tains have  been  built  up  by  a  series  of  successive  eruptions. 

Not  denying  ^t  this  explanation  may  serve  Iter  no  oldee^  as  it  oerlainly  doei  Ibr 
Ilia  BON  teeant  hadi^  whieh  constitala  inch  aMmnlaiiM  »  Eton  and  Vemfiui^  the 

if 
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author  contended  thai  it  is  not  applicable  to  the  celebrated  rase  of  Jorullo,  ds  (described 
by  linmboldt,  nor  yet  to  the  volcanic  uloiids  thrown  up  in  deep  water  At  variuu»  timet 
during  the  historical  period. 

He  was  also  disposed  to  refer  tbe  fuur  (racbytic  Piiyt  near  Clerniout,  in  Auver^ne, 
ns  well  as  the  still  loftier  Cones  composed  of  the  same  material  in  the  Andes,  which 
Humboldt  describe?,  rather  to  the  uphtaval  of  a  softened  mass  of  rock,  than  to  the 
outburst  of  liquid  laNiu 

He  appealed  also  to  the  eraterlakes  in  the  Eife)  country  and  elsewhere,  as  fumisU* 
ing  ca^es  of  milieav;:!,  even  where  no  lava  Imd  lu  cii  cjrcted  ;  and  argued,  that  so  long 
as  the  idea  oi  paroxyamal  aotiiin  continued  to  be  entertained  with  reference  to  rocJts 
in  general,  it  was  probable  that  Tdcanic  countries,  above  all  atben^  would  be  eubject 
to  ludt  operaliont.   

On  the  Mode  of  Flight  ^  the  Ptcrodactyhs  of  the  Coprolite  Bed  near  C(tm* 
bridge,  Bjf  the  Rev.  J.  B.  P.  Dennis,  F,G,S, 
Coprolilic  remains  of  Pterodactyle  bone  bare  afforded  an  opportunity  of  studying  its 
microscopic  characters,  and  this  had  led  to  the  present  attempt  to  sliow  from  the  ana- 
logy of  other  flying  animals,  from  the  diff  rent  ntodes  of  flight  among  birds,  from  the 
apparent  adjustment  of  the  haversian  canals  thereuuto,  and  the  harmonious  perfectiou 
of  the  skeleton  with  the  adnpCatlon  of  tbe  pectoral  mnsele  to  tbe  tame  (to  that  even  tbe 
humeral  process  of  its  attacnment  hat  its  marked  characteristics),  that  these  and  other 
analogies  lead  to  the  inference  that  considerable  knowledge  even  of  the  mode  of  flight 
of  this  extinct  reptile  may  be  obtained  from  the  study  of  its  microscopical  bone  struc- 
ture. In  elucidation  of  this  subject,  a  brief  account  was  given  of  the  structure  of  Um 
wing-bones  of  a  bird,  and  of  the  mode  of  flight  of  tbe  <rall|  a  bird  distinguished  for 
its  elasticity  and  endurance  on  the  wing»  and  in  other  respectt  veiy  auitable  for  illne- 
trating  the  subject. 

A  description  was  then  given  of  fragments  of  Pterodactyle  bone  obtained  bjr  Mr. 
Barrett  from  the  coprolite  bed,  most  of  which  were  portions  of  wing-bonea  or  vwTf 

thin  texture.  It  was  also  sho^vn  tlmt  tlx?  Pterodactyle  required  not  to  he  enctimberea 
with  muscular  legs,  and  thus  tlic  vastus  was  only  sutticiently  developed  tu  enable  the 
animal  to  spring  from  the  ground  preparatcny  to  flight  (as  the  form  of  tbe  femur  alao 
teemed  to  indicate) ;  also  the  biceps,  semitendinosus,  ficc,  or  their  analogues,  did  not 
require  any  great  development ;  while  the  gastrocnemius',  as  it  would  assist  in  the 
spring,  was  prubably  on  that  account  fairly  represented.  The  pectoral  muscle,  follow- 
ing the  saunaii  type,  must  have  been  less  vohiminous  than  (hat  of  birds,  flatter,  with 
its  greatest  development  in  front,  and  in  position  comparing  somewhat  with  that 
muscle  in  gulls  and  owls,  birds  of  elastic  but  not  rapid  iiight.  The  Pterodactyle  was 
also  shown  to  agree  more  with  birds  than  with  bats,  especially  in  its  omoplate,  while 
the  absence  of  a  fereula  implied  no  similar  volume  of  muscle;  the  bones  in  like  man- 
ner ivrrc  permeated  by  air,  or  if  some  were  not,  they  werevi  t  fil!.  d  wiih  a  \'\u]\{  fatty 
substauce  or  marrow  tu  give  additional  strength  to  their  light  texture ;  and  though  the 
natural  weakness  of  its  muscular  powers  was  considerable  in  coroparifon  with  birds, 
yet  this  was  balanced  by  an  extremely  light  firamework,  the  weight  of  which  predomi- 
nated in  front  where  the  muscular  force  was  more  directly  antagoni^t'e:  ?md  above  all,  the 
admirable  microscopic  structure  of  its  bone  eminently  conduced  to  its  powers  of  flight. 
Delicate  in  tlie  extreme  to  the  nnatusted  eye,  when  emmined  under  the  mieroscope, 
the  bone  is  foitnd  to  contain  numerous  and  large  haversian  canals  in  a  very  marked 
degree,  comparing  in  their  arrangement  with  tnosc  seen  in  the  wing-bones  of  gulls; 
also  lacunse  well  di^iulayed,  larger  than  those  of  a  bird  of  flight,  long  and  fusiform. 
Fmn  diU  correspondence  of  the  characters  of  the  haverttan  canals,  of  which  iUnsttn- 
tiont  were  given,  an  inference  seems  capable  of  being  drawn  in  reference  to  the  flight 
of  these  large  Pterodaetyles,  which,  if  they  did  not  possess  the  da^h  of  the  falcon  or  the 
impetuosity  of  the  wood-pigeon,  yet  vailed  gracefully  over  pruna;val  seat  with  a  light- 
ness and  buoyancy,  as  it  would  seem,  analogous  in  some  degree  at  leest  to  the  con* 
apicuoiis  grace  of  the  gulU,  which  are  the  present  ornament  of  our  coasts.  So  in  every 
respect  is  seen  the  wisdom  displayed  in  the  adaptation  of  means,  each  inaderpiate 
in  itseit,  and  the  result  is  tkie  production  of  one  of  the  strangest  anomaiies,  of 
which,  if  we  bad  not  bad  the  clearest  testimony,  the  imagination  would  have  failed  to 
picture, — -a  tr\ic  Ptcrosaiirian,  in  some  respects  perhaps  more  v,-onderful  in  its  con- 

ttniction  titan  bats  or  even  birds,  and  being  as  fully  capable  of  flight  as  they,  teaching 
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lis  bow  great  are  the  resources  and  how  infinite  the  wisUom  of  Him  who  ha«  done  all 
things  well. 

« 

On  ike  Comiffatiait  of  Strata  in  tJie  Vicinity  of  MowUam  Ranget, 

By  the  Rev.  J.  Dingle. 
lliis  paper  was  in  coDtiiumtion  of  an  attempt  to  determuie  the  mechanical  causei 
of  the  rannttioii  of  the  earth's  cruat,  and  to  trace  its  progress.  The  author  deserihed 

the  ▼■vying  forms  of  flexure,  diminishing  in  intensity  with  their  distance  from  the 
igneous  axi?,  which  cbaracterizes  llie  Kttata  in  tlie  nc'ipl>hourliood  of  the  monntnin 
chains;  and  showed  how  this  form  would  urise  from  the  action  of  tlie  molten  interior, 
by  refming  to  the  result  of  experiments  upon  the  action  of  fluids  under  like  eondi* 
ttons.  He  expressed  his  obligations  to  Professor  Ro^rs  for  tlie  valuable  infortnntion 
which  ho  had  derived  from  a  paper  of  his  in  the  Edinburgh  Transaction*;,  but  de- 
murred to  some  of  his  hypotheses.  Flexures  at  dotinite  points  must  he  produced  by 
repeated  or  continued  pressures,  and  not  by  paroxysmal  action.  The  latter  chiefly 
spends  itself  in  earthquakes  nnd  volcanoes,  which,  upon  the  whole,  c^xn  produce  no 
cotititmous  chanr^p  of  form.  'J'lic  two  forces,  however,  seem  to  be  inlimaiely  related 
to  each  other;  and  it  we  iiuppose  the  one  to  be  only  the  other  in  excess,  we  are 
supplied  with  a  simple  explanation  of  the  connexion  between  the  corvugalcd  moun- 
tain chains  and  f!ie  linps  of  earthquakes  and  volcanoes. 

As  a  corollary  from  the  above  views,  it  might  be  observed  that  they  destroyed  the 
idea  of  any  distinct  theory  of  volcanoes  of  elevation  or  eruption,  as  the  quantities  of 
elevated  or  ejected  matter  in  the  case  of  a  fiasure  or  a  mptnred  oorragatioa  might  be 
in  any  praportiom  whatever  to  each  other. 

Remarks  on  tks  lekik^olUei  (of  JPanuiiRoad. 
By  Sir  Philip  de  M.  Grey  Eoertok,  Bart^  F,R,S, 

At  the  Meeting  of  the  British  Association  Inst  year  at  Aberdeen,  f  had  an  oppor- 
tunity of  examining  several  specimens  ot  the  small  fishes  found  in  the  Old  Red  Sand- 
stone deposita  of  Famell,  and  in  the  disenssion  which  ensued  upon  the  reading  of 
Mr.  MittmeH's  paper,  I  took  occasion  to  remark  upon  their  several  characters.  I  tlien 
stated  that  all  the  specimens  I  had  seen  bdonfTrd  to  the  family  Acanlhodei^  and  the 
great  majority  of  them  to  the  genus  AcantUodes,  representing,  Itowever,  a  new  species 
of  the  genus.  I  proposed  inconsiderately  to  name  this  species  J,  antiquut^  a  very 
inappropriate  title,  inasnuich  as  two  conlemporaneous  species  were  subsequently  ex- 
hibited by  Mr.  Peach.  As,  however,  this  name  has  not  appeared  in  print,  I  propose 
to  cancel  it,  and  substitute  A»  Milchelli,  as  the  original  or  type-specimen  is  in  the 
poesession  of  the  Her.  Hugh  Mitchell,  of  Craig.  The  other  specimens  I  described  as 
constitiitini?:  n  new  gennj  corresponding  in  many  characters  with  JP^//^T^^7^^^>7^|^,  but 
differing  in  the  shortness  and  position  of  the  spines  of  the  iiiis.  I  proposed  for  this 
genus  me  name  Brachyacauthus. 

The  specimens  from  the  same  locality  recently  received  from  \(r.  Powrie  are  of  the 
same  species  as  those  exaniiiied  at  Abertlcni.  I  learn,  however,  in  a  Irttrr  received 
from  Mr.  Powrie  since  1  have  examined  his  specimens,  that  he  has  in  hu  possession 
others  comprising  at  least  two  very  distinct  species  of  Dtpiaewnlhus,  one  remarkable 
Ibr  its  very  strong  anterior  dorsal  spine,  and  fragments  belonging  probably  to  other 
species.  Mr.  .Mitchell  also  writes  that  another  locality  has  been  fonml  rich  in  remains 
of  Acanthodinn  and  other  fishes.  Under  these  circumstances  it  wouki  be  premature  to 
enter  into  anv  detailed  account  of  these  interesting  ichthyolites.  As  the  materials,  how* 
ever,  are  sumciently  complete^  J  append  a  short  description  of  JcanthodnMUekeUt* 

The  specimens  f  have  examined  vary  in  length  from  2  to  2^  inchct.  The  one  I 
have  selected  for  description  attains  nearly  the  latter  dimensions.  The  greatest  depth 
of  the  trunk  occurs  in  advance  of  the  ventral  fins,  where  it  measures  rather  more  than 
half  an  inch.  The  head  U  small  and  elegantly  sculptured.  It  measures  about  -^ih  of 
the  total  length.  'I'lie  outline  of  the  body  U  very  graceful.  It  is  fuvifonn  anteriorly, 
and  taperii  graduaily  posterior  to  the  insertion  ut  the  highly  heterocerque  tail.  The 
oihit  is  placed  very  forward,  and  is  embraced  by  the  remarkable  bony  plates  deserlbed 
by  Rtimer  as  characteristic  of  the  genus.  The  peculiar  structure  of  the  gill-covers  also 
corresponds  witli  that  f)f  otlier  species  of  Jcfitit/iodex.  The  pectoral  spine?  are  long 
and  curved.   The  other  iiu-spines  are  slender  and  straight.   The  species  differs  from 

■II  Others  of  the  aame  period  in  the  ornament  of  the  head-bonei  and  the  Ibrni  of  the 
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body.  It  is  diittinguiahable  alto  from  Acanthodea  Peachif  a  new  species  discovered 
last  year  by  Mr.  Peaeh  in  tlia  Cailhnan  flags,  bv  the  fam  of  flie  spines,  the  pectoial 
^inea  in  tae  latter  bebg  itraigbt,  and  the  donai  and  anal  apinea  curved. 


Photographs  of  FUbei,  from  FarnelJ  in  Fifetbire,  were  exhibited  by  Mr.  W.  lioacat, 
of  Montrose. 


On  a  New  Form  of  Ichd^folUe  discovered  by  Mr.  Pteeb. 

By  Sir  Philip  Egerton,  Bart,^  M,P,t  F,R,S, 
Tliis  fossil  fish,  discovered  by  Mr.  Peach  in  the  Caithness  flagstones,  is  chiefly  re- 
markable for  the  structure  of  the  fins.  The  dorsal  and  anal  fius  are  supported  upon 
three  intenpineaa  bones  in  each  organ,  from  which  the  fin-ravs  spread  in  tuA«.  A 
similar  stmcture  prevails  in  the  caudal  fin.  It  is  nearly  nllied  to  uiplerus,  and  pro- 
bably belonged  to  the  Coelacauthoid  family.  The  name  TritiicAaplenu  alatus  has 
reference  to  the  peculiar  atmetmra  cbaraeterietie  of  the  genui. 

On  Circular  Chains  in  the  Savoy  Alps, 
By  M.  A.  Favre,  Professor  at  the  Academy  of  Geneva. 

The  obiect  of  this  memoir  is  to  describe  the  peculiar  structure  of  the  mountain 
ehaina  in  savoy,  on  tbe  left  bank  of  the  river  Arve. 

This  region  may  be  divided  into  aevcral  districti,  which*  in  passing  from  Mont 
Sal^ve  to  Mont  Blanc,  are  as  follow :  i\)  tlip  Tertiary,  (2)  tin-  Crptaceous,  (3)  the 
Jurassic,  and  (4)  the  district  of  crystalline  roci&s.  M.  Favre  treuu  of  the  second  of 
theee»  in  which  the  mountain  chaine  ■urmonnted  by  precipitous  peaks  are  coorposed  in 
great  part  of  cretaceous  rocks.  This  district  is  about  49  kilometres  long  from  the 
river  Arve  to  tho  lake  of  Annccy,  by  21  broad.  'J  he  loftiest  mo\i!itain  attji!fi<!  the 
height  of  27(iU  metres  above  the  sea-level,  and  there  are  severui  other  sumiiiiu  be- 
tween 3300  and  2400  metree  high.  The  geological  fonnationa  which  constitute  thh 
district  nre,  —  1.  the  Jurassic  which  occupy  a  very  limited  space;  2.  the  Ncocuniian; 
3.  the  llrf^nnian,  which  forms  enormous  escarpments,  and  constitutes  the  crest  of  the 
mountuins  ;  4.  the  green  &undiitoue ;  6.  tlie  chulk;  6.  tlie  nummulite  limestone ;  7. 
the  alpine  macigno,  which  at  its  base  contains  various  marls  with  fish  scales,  and 
above  marls  and  8and»tonea  aiaodated  with  the  Taviglianaa  fireeelone  which  ia  n 
species  of  volcanic  cinder. 

One  of  the  valleys  of  this  district,  that  namely  of  Thdnes  on  Grand  Bomant,  is  a 
longitudinal  valley  ;  the  others  are  transverse  valleys  watered  by  rivers  arranged  almost 
like  the  radii  of  a  circle.  This  peculiarity  in  the  direction  of  these  rivers  depends  on 
that  of  the  mountain  chains ;  for  the  rivers  in  general  cut  the  chain  perpendicularly 
to  their  axes,  and  with  the  ezc(*ption  of  Mont  Cfaarvin  it  la  Pointe  Pere^,  all  the 
mountain  chains  of  this  district,  and  especially  those  on  the  borders,  are  in  the  shape 
of  a  quadrant,  and  lie  in  every  direction  that  can  be  found  in  a  quadrant.  It  is  U> 
these  chains  that  M.  Favre  haa  given  the  name  of  circular  chains. 

Mountain  chains  have  long  been  remarked  whose  axes  ate  more  or  lees  nndulatory, 
others  separating  from  a  common  trunk  like  the  branches  of  a  tree;  strata,  moreover, 
have  been  observed  that  rise  to  the  surface  of  the  ground  in  the  form  of  the  bottom 
of  a  boat ;  and  the  opposite  phenomenon  has  likewise  been  observed,  that  namely  of  a 
mountain  chain  in  tne  fbrm  of  a  vault  or  half  cylinder  sinking  so  as  to  disappear  in 
the  plain  ;  but  M.  Favre  is  of  opinion  that  the  fact  to  which  he  has  called  attention  is 
difl'erent  from  any  of  these,  insomuch  m  it  refers  to  entire  chains,  which  are  not  only 
curved)  but  curved  to  such  a  degree  that  iheir  extremities  are  at  right  angles  to  each 
other. 

M.  Favre  concludes  his  essay  by  calling  attention  to  the  fact  that  the  chains  of  the 
Alps  display  the  closest  orographical  resemblances  to  those  of  the  Jura,  which  nre 
now  well  known.  Although  the  displacement  of  the  soil  is  much  greater  in  the  Alps 
than  in  the  Jura,  in  both  are  found  groups  either  entire  or  broken,  which  in  the  latter 
case  disclose  in  their  interior,  one,  two,  or  three  of  the  strata  below  that  which  forms 
their  crest;  in  both  arc  found  combes,  ravines,  and  valleys  of  the  same  form.  M. 
ir  uvre  believes  that  the  identity  of  these  forms  leads  to  the  conelusiou  that  the  eleva- 
tion of  Uui  iJpa  and  the  Jnm  u  due  to  eauaes  of  the  same  nature* 
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Om  tome  Tratuftrmaikms  of  Iron  Pjfriiet  in  connexien  with  Qr^ganhlUmmni* 

By  Alphohse  Gages. 

T  liaveto  direct  the  attention  of  the  Section  to  sonic  facts  regarding  the  transfomia- 
tioa  ul  iron  pyrites  connected  with  fos«ii  graptolites  from  Tinnaglough,  Co.  Wexford. 

Th«w  peculiar  eharacterUtie  fonils  of  the  Lower  Silitruin  ichUto  are  fouud  very 
often  transformed  into  rhombic  iron  pyrites. 

Tills  trnnsformatinn  into  pyrites  is  now,  since  the  observations  of  Pepyt  and  otberi, 
easily  accounted  fur,  and  therefore  I  have  not  to  dwell  upon  it. 

Looking  over  some  of  those  schists,  we  may  obeerve  the  various  tranaformatioiii 

the  fiMsil  has  pas=;rd  thrniiiih  until  it  o'ltlrel}-  disappears  from  tlie  sdnst. 

T.  Fossil  exiubiting  some  traces  of  organic  matter,  and  not  mineralized  by  pyrites. 

II.  The  same  fossil  transformed  into  rhombic  iron  pyrites. 

1 1  r.  The  traiufonnation  of  the  pyritic  foi^sil  into  a  correapoiiding  foenl  of  aluniinite* 

W ■  A  mere  cast  of  thr  fossil,  or  indu.M'.inn  of  one  only  remaining. 

And  lastly,  in  some  neighbouring  joints  of  the  schist,  a  thm  layer  of  sesquioxide  of 
Iron,  alumi  or  of  aluminite  generally  accomjpanied  bv  free  sulphur. 

Analoffout  phenomena  may  be  ohaerved  in  other  foesils  of  the  earboiiifeTOili  foniF* 
ation,  and  er^ppcinll}'  in  the  lower  ltinoHtnnr>  nenr  Drogheda. 

One  may  observe  in  some  points  in  which  the  tossil  luubeen  completely  obliterated, 
a  diin  mineral  layer  of  alummotts  compounds,  varying  more  or  lem  in  weir  dtoideH 
*  constitution. 

Tliesc  facta  arc  very  stiggestive  in  this  sense,  that  if  the  processes  of  mineralization 
going  on  for  ages  have  served  to  preserve  many  tonus  of  organic  beings,  so  also  they 
eerre  to  destroy  tiiem. 

.  We  witness  every  day  the  destruction  of  a  great  number  of  pyritic  fossils  by  the 
mere  action  of  air,  and  their  transformation  into  sulphates,  and  sometimes,  according 
to  local  circumstances,  into  sulphates  and  free  sulphur.  Whenever  sulphur  occurs 
in  depoiite  containing  organic  remauii,  we  are  indueed  to  bdiefo  that  it  hai  teen 
formed  in  somewhat  a  simUar  way.  _______ 

On  Snow  CryntaU  obsert  ed  nt  Dresden,   By  Dr.  Cunit£. 


On  the  Silurian  JrormatioJl  in  the  District  of  WiUdrujj.    Hy  Dr.  GeinitZ, 

Tlie  discovery  of  Oraptolites  in  the  Lydit  and  Phthanit,  lately  made  in  the  district 
of  WilsdrufT,  near  the  villages  of  Limbach,  Loicen,  and  Lampersdorf,  a  neighbour- 
hood where  the  a/(  ic  and  metaniorphic  clay-slates,  somrtinips  with  true  cliiastolith, 
are  predominant,  now  combmes  a  considerable  part  of  the  most  northern  part  of  the 
Saxon  Ersgebirge  with  the  Silurian. 

These  black  schists  of  Graptolites,  with  Afeiio$rrvqg«iM  Indf^^niAtfiif,  Haffcness,  Mm, 
priodarr,  Bronn,  Mon.  Bc  rki,  Barrarulc,  and  Afon.  nuntiits,  Rnrrande,  are  continued  in 
the  schists  of  Grautolites  on  the  northern  slope  of  the  Erzgebirge  near  Langenstri^iS| 
not  far  firom  Frankenbefg,  Ober-Cainsdorf  near  Zwickau,  Konneborg,  Oelsnllg,  H&h 
richaruhc  near  Schleiz,  and  various  pkeea  of  the  district  called  Voigtland,  where  thqr 
indicate  the  same  j;eological  horizon  as  in  Bohemia,  the  upper  part  of  the  Lower 
Silurian^  or  the  baste  of  the  Upper  Silurian  of  M.  13arrande.  All  the  species  found 
in  Saocony  are  described  in  the  author's  *  Monograph    Graptolhet,'  Leipiig,  1852* 


On  the  MetamorpMe  Rockt  tflhn  North  of  Irtkmd,  £^  Robset  Hark* 
iiBss,  F,JLSh  F,0*8n  Prt^98wr  (f  Geology  in  Queofi  CMffe,  Cork* 

Almost  the  whole  of  the  eounty  of  Donegal  is  occupied  by  rocks  which  appertain 

to  tho  motamorphic  series,  consisting  of  gneissose  rocks  asscciati  d  with  limestones 
and  quartz  rocks.  Tlie  relation  which  these  several  rocks  bear  to  each  other,  and  io 
the  syenitic  masses  which  in  some  cases  are  found  accompanying  them,  is  well  exhi- 
hited  in  the  sections  along  the  north  side  of  Lough  Poyle,  firom  Malin  Head  to  Jois- 
howen  Head.  On  tliL'  S.\V\  side  of  Malin  Head  n  prntrnsinn  nf  ^yoniti'  h  seen,  -which 
Ibrma  an  axis  in  this  portion  of  Ireland ;  and  reposiug  on  this  axis  there  are  touud, 
first  and  lowest,  quarta-rocka,  socceeded  coo&nnaUy,  on  die  north  side,  by  flaggy 
goaiasi  and  on  Uie  Mtttham  lidA  •  like  ooeomnce  commonly  takes  p1ac«.  la  aoiBt 
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localities,  on  the  soulhern  nide  of  thi«  axis,  limestone  frequently  intervenes  betureen 
tli«  underlying  qnarts^rocka  and  th«  overlying^  gneiasoae  strata;  and  the  limestoiMc, 
scattered  in  small  patches  among  tlie  met;iinof)>!iic  rocks  of  the  north  of  Irrlnnri,  oc- 
cupy this  position  with  reference  to  the  rucks  of  this  character.  The  arrangement  of 
these  rocks  in  this  part  of  Ireland,  a%  regards  position,  is  ns  follows :  the  lowest  quartr- 
nektMieeeededbr  limr^tune^,  which  are  not  persistent,  but  upon  which,  when  present, 
great  masses  of  cliloritic  gneiss  are  seen  having  nsually  a  S.E.  dip,  often  the  result  of 
reversed  flexures.  Through  these  rocks,  which  are  ths  Irish  representatives  of  the 
strata  of  the  Grampians,  numeroat  trap  dykce  oeeur. 


Notes  OH  the  CMo^y  of  Captain  Pdli«er*t  Ba^ndiiiam  in  Brituh  N&rtk 

Merita^.  By  Dr.  Hictor. 

The  following  remarks  are  explanatory  of  a  section  commencing  at  Lake  Winnipeg, 
continued  along  the  hm\u  nf  t!ie  Saskatchewan  River  to  the  Rocky  Mountain?,  and 
from  thence  to  Vancouver  s  island.  This  section  is  only  intended  to  represent  the 
more  geoeral  retultt  of  this  geological  exploration,  as  a  preliminary  to  the  report* 
whieb  are  in  preparation. 

The  rocks  enst  of  Lake  Winnipeg  have  been  fully  described  by  geologists.  They 
are  a  part  of  the  so-called  Laurenline  chain,  and  consist  of  granite  and  metamorphic 
fockt.  On  lliete  lie  Silarian  limeetonet,  ehertyt  and  of  magnetian  character,  with  . 
corals  and  shelb,  easily  referable  to  Silurian  types.  Above  these  Mr.  Hiud  has  found 
Devonian  sttrata,  of  which,  however,  I  saw  no  trace  farther  eouth.  Tlie  supposed  line 
of  their  outcrop  is  marked  by  suit  springs. 

The  first  weU-defined  strata  in  the  Prairie  country  occur  150  miles  west  of  Red 
River,  and  are  indurated  olive  shales,  with  ferniginons  bands  and  traversed  by  veiaa 
of  clny  ironstone,  with  a  few  small  fossils,  chiefly  fish-scales, and  a  small,  ueatqweisf 
ot  nucula.    They  are  a  deep-water  deposit. 

At  the  elbow  of  the  Saskatchewan  Kiver,  the  banks  are  formed  of  purple  laminated 
clays,  wi(h  linc^  of  Srptrn  i  i  of  \';u  iou3  sizes.  These  Septaria  vicM  fossils,  which  are  truly 
cretaceous  forms.  I'hc  most  common  are  Jiacnliles  and  Jnocerami.  These  Septaria 
clays  are  also  deep-sei  deposits.  They  arc  again  met  with  on  the  north  branch  of 
the  Saskatchewan,  150  miles  to  north-west,  and  the  course  of  thb  river  is  for  some 
distance  drtcrmined  by  these  soft  beds.  At  the  Snake  Portage,  in  Int.  VP  N.,  1 
thought  1  observed  thent  overlaid  by  thick  grits  and  clays,  which  must  be  next  de- 
scribed ;  but  this  junction  I  am  not  certain,  and  the  dip  is  so  slight  that  they  may 
be  even  underlaid  by  these  grits. 

The  latter  strata,  in  beds  often  200  feet  thick,  form  high  ridgea,  which  range  north 
and  south,  crossing  both  Sa^kkatchewans,  and  also  the  Red  Deer  Hirer,  at  the  Nick 
Hills.  They  form  mainly  two  parallel  ranges,  and  between  them  occur  clays  with 
coal  or  lignite  beds  from  2  to  10  feet  thick,  and  consistent  in  their  strike  from  noith> 
west  to  south-east.  This  coal  is  used  at  Fort  Edmonton,  and  bums  pretty  well. 
Some  vegetable  impressions,  like  those  of  cypress  and  dicotyledonous  leaves,  are  found 
in  the  shale,  but  no  other  fosiits. 

As  these  coal.beds  and  shales  occur  in  the  rtver>beds,  and  at  low  levels  compared 
with  the  surrounding  prairie,  it  is  manifest  tliat  the  surface-beds  of  which  tlu^^p  nre 
composed,  are  of  later  age;  but  whether  conformable  witli  theut  or  not,  I  am  unable 
to  say. 

To  the  south-east  of  the  elbow  of  the  Saskatchewan,  at  tlie  base  of  the  Coteau  de 
Prairies,  and  at  a  locality  on  the  Souris  River  known  tlio  Roche  Pereh,  is  n  gro\ip 
of  marls,  with  limestone  bands,  containing  m  mucli  iron  a%  to  weather  of  u  bright  ver- 
milion colour,  aitd  ash- coloured  arenaceous  clays,  with  their  bands  of  lignite  and 
silicified  wood.  Seleiiite  crystals  are  abundant  in  these  maris,  often  cluster  I  i  n  stel- 
late forms.  They  are  mixed  with  bands  of  grit,  from  a  few  feet  to  30  feet  in  thick- 
ness; and  these  being  generally  of  a  soft  nature,  with  indurated  portions,  weather  out 
in  the  most  grotesque  forms. 

On  the  higher  grounds  traversed  hy  Battle  River,  and  again  on  Ked  Deer  l^ivrr, 
where  they  are  seen  to  rest  on  the  great  lignite  group,  are  also  beds  of  marl,  lime- 
stones with  iron  like  those  of  the  RMhe  Perc^e,  beds  oflignite  and  true  brown  coal, 
with  silicified  tree^  and  abundance  of  fossils  of  an  estuarine  character.  Among  these 
latter  are  oysters,  a  good  deal  like  the  Pacific  speciee,  Mjfti^  Cjfpri$ut,  um  other 
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marine  toim*  in  some  beds;  and  in  others  Palud'tna  is  the  prevalent  fo^si!.  On  the 
▼cry  high  gronndt  (luch  m  the  Ocli^<chis  or  Haiwl  Hills  nnd  the  Cvprees  Hilla),  these 
strata  pass  up  into  sands,  gravel,  and  betU  of  coarse  shin^zlo,  wiiicli,  nt  the  rani«  level 
(lUOO  feet  ahuvc  the  sea),  sku  t  the  base  of  the  Uocky  Moiintoinsy  end  there  rest  on 
the  edges  of  upturned  strata  of  various  ages. 

.^11  the  strata  which  1  have  mentiuned  are  covered  with  a  mande  of  drift,  whioli 
does  Bot  rise  much  above  3000  feet ;  hut  near  Battle  River  there  seems  to  be  a  group 
of  deposits  which  I  have  termed  Tertiarles  of  the  low  grounds. 

The  strata  composing  the  Kociiy  Momitains  mav  be  briefly  described  ns  follows : 
—In  crossing  from  the  east,  thirty  or  forty  miles  before  entering  the  range,  beds  of 
grits  and  shales  are  observed  much  disturbed,  but  obviously  dipping  to  the  east. 
From  a  level  of  4000  feet  above  the  sea,  tlie  mountains  rise  as  paruliel  ranges  of  cliffs 
Jrom  3000  to  4000  feet  in  height.  The  first  <ive  or  six  of  tliese  ranges  arc  composed 
of  bine  erystalline  and  earthy  limestone  in  bold  plications,  including  portions  of  tbe 
same  grits  and  clays  that  arc  seen  along  the  eastern  base.  This  group  of  strata  must 
be  several  t]iou<aiid  feet  in  tliickncss,  and  confriin  fnssils  of  Carboniferous  age.  To 
the  west,  atui  ibruiiug  iho  range  which  in  general  deiermiueii  the  water-shed,  iii  au 
immense  thickness  of  quartzite  and  conglomerates,  not  much  altered,  and  apparently 
liorlzonta).  A  wide  longitudinal  valley  m:irks  the  line  between  this  formation  and 
Uie  last  mentioned,  and  is  probably  the  site  of  a  great  fault. 

On  descending  the  western  slope  of  the  mountains,  while  in  the  bottom  of  the 
valleys  are  vertical  talcuse  slates,  the  higher  parts  of  the  mountains  are  composed  of 
the  same  strata  which  form  the  eastern  range?,  until  the  great  valley  is  reached, 
which  the  Columbia  and  Kootanie  rivers  traversCj  while  their  course  is  parallel  to  the 
range. 

West  of  this  a  beltof  slates  and  scmi-metamorpluc  rocks  was  crossed,  followed  by 
granite  with  true  metamorpbie  rocks  containing  serpentine  and  marble,  which  brings 

us  to  ColviUe. 

South  and  west  of  this  plain  commence  tbe  great  superRdal  floes  of  basalt  with 

beds  of  tufa,  which  have  emanated  from  the  flanlts  of  the  Cascade  range.  The  Caa* 
cade  range  itself  consists  of  syenite  and  slates,  with  volcanic  rock  of  recent  date. 

The  greater  mass  of  Vancouver's  Island  is  composed  of  the  same  metamorpbie 
strata  as  at  ColvUle ;  but  along  both  sides  of  the  Gulf  of  Georgia,  which  separate  it 
from  the  mainland,  and  also  forming  the  islands  in  that  gulf,  occur  beds  of  grits  and 
coarse  conglomerate,  much  disturbed  and  resting  on  volcanic  rnf  k«,  and  containing 
the  well-known  deposits  of  coal  aud  lignite  as  at  Nanaimo  nnd  iieilingham  Bay. 
These  coat-bearing  grits  at  Nanaimo,  I  found  to  be  overlaid  by  Septarian  clays,  sneh 
as  those  I  have  fuuiul  to  the  eastward  of  the  Rocky  Mountains,  and  containing  the 
same  cretaceous  fossils,  compri'^ing  Racvlitrs  and  Itiocerami.  These  clays  arc  ob- 
served, again,  to  be  covered  by  grili*.  Fossils  were  obtained  at  some  distance  below 
the  eoal  at  the  base  the  whole  group,  which  have  not  yet  arrived  in  England  for 
examination.  They  are,  however,  either  lower  cretaceous  or  oolitic  forms. 

Hemarks  on  the  Geology  of  New  Zmland^  iUus(raUd  by  Geological  Maps, 
J}rawingSf  and  Phoiograpbs,    By  Prof.  F.  von  IJochstetter. 

Some  Ohservations  upon  the  Geological  Featuret  «^  the  Volcanic  Island  of 
St.  Paul,  in  the  South  Indian  Ocean,  illustrated  by  a  Model  in  Pclitf  of 
the  Island^  made  by  Capt.  CybtUz,  qf  'ihe  Austrian  Artillery,    By  Prof.  F. 

VON  HoCHST£TT£R. 


On  Ike  SiX'ineh  Mapt  <fih»  Qtohmcal  Survey, 
By  £.  Hull,  B,A^  F.G.S, 

On  the  Blenheim  Iron  Ore ;  and  the  Thickness  of  the  Formations  below  the 
Gnat  Oolite  at  StonesJUld,  OafortUhire*  By  Edwauo  Hull,  B^^ 
F.G.S. 

The  author  described  tlie  position  of  this  iron  ore  as  occurring  in  the  upper  part  cf 
the  Marlstooe  or  Middle  UU,  along  the  vall«y  of  the  Evenlode,  near  Charlbury ;  ita 
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capable  of  being  %vorked  to  an  ujilimited  extent  by  tunneling  into  tlie  billy  aide  from 
the  outcrop.  The  fossils,  which  are  local,  consist  of  the  wuil  Mtibtone  speciei,  M 
Rhynehonella  Utrakedra,  Terebratula  punctata,  &c. 

Mineral  Character .—X\i\\e  outcrop,  the  inni  bed  presents  a  ricb  fentiginous  aspect; 
but  w  hen  followed  to  some  depth  below  the  surtace,  the  originul  colour  is  found  lo  be 
olive.green,  and  under  the  magnifying  glaw  the  atone  appaan  oolitic.  In  tbb  ttala 
the  ore  is  probably  a  carbonate  and  silicate  of  iron— the  latter  imparting  a  green 
tinp;e.  Wlicn  exposed,  it  pnssr'^  into  a  hydrated  peroxide  of  iron.  The  rcinaiuing 
constituents  are  carbonate  of  lime,  10  per  cent,  j  silica,  12  per  cent. ;  alumina,  '  8  P«f 
cent.  Phosphorie  acid  ii  only  preaent  in  minutequantity,  via,  per  cent.  Tha 
chief  market  for  the  ore  ia  expected  to  he  South  Walca*. 

Tnickness  of  the  I'urmalions  below  the  Great  Oolite  at  Stonetfield. 

For  tlie  purpose  of  ascertaining  the  depth  of  the  iron-bed  below  the  Stonwfidd 
ilate,  the  Duke  of  Marlborough  dneoted  that  one  of  the  alate  pits  thoold  be  eootiBVii 
downwards  till  the  ore  was  reached.  This  has  not  been  accomplished  ;  for  on  reach- 
ing at  a  depth  of  120  feet  the  Upper  Lins  Clay,  the  water  flowed  in  so  plentifully  that 
the  men  were  drowned  out.  With  the  assistance  of  numerous  sections  near  Fawlcr, 
the  defidencj  in  the  geriee  may  be  supplied ;  and  the  foUowing  are  the  veanlta 

Suoct$tion  o/  Strata  at  Slonesfieid, 

OaiAvOouTB.   1.  (/pp«r  Zone.-- White  lineitone,  rolling  on  ealeareoiiiihales 

and  marls  (total  thickness  about)   ■•• 

2.  Lower  Zotie.—S&ndy  shales,  flags,  and  shelly  oolite,  with  a  band  of 

•<  Stonetfield  tlate  "  at  10  feet  from  the  top   ^ 

iMrinioa  Oolite.    Upper  Ragtione  (tone  of  ^iiaioni/e«  PflrAiiMOfii).— Large- 
grained,  rubbly  oolite,  vny  fossiliferons,  with  TVi^onifl  codata,  Lima 

fibbosa,  2'erebrattUa  (fiobata,  Ciifpeus  Plotu,,,    ^ 
iiAt  Ctar.— Blue  laminated  clay  <•»«   ^ 

Maustonb.  1 .  IraitietL—Mtmy*  ferrnginoua  rock,  with  mfneAoMMa  Mro- 

hedra,  frc   lO-lo 

2.  Sands,  with  iron  concretions  atop  •  

Iiovan  LiAC  CtAY.*«ThiekneM  unknown. 

Comparing  the  development  of  these  formations  with  that  which  thev  attain  in 
GloQcettenhire,  the  author  showed  that  they  all  tended  to  decrease  in  thickness  when 
traced  from  the  north-west  towards  the  south-east  of  England,  and  contended  that 
these  facts  bore  out  the  theory  which  he  had  on  previous  occasions  endeavouredto 
demonstrate,  that  all  the  secondary  rocks  of  England  undergo  attenuation  towards 
the  sontb-eaat.  The  following  comparison  had  been. arrived  at  from  carefully  »c«- 
suved  aectiona 

CcmparaHve  SectimiM, 

rTloiirpstershirc.  Oxfordshire. 
.Maximum  thickness.       Minimum  thickness. 

feet*  fcet» 

Fuller's  Earth  40  0 

inferior  Oolite    264  1^ 

Upper  Lias  I  sj,^^       380  0 

Marlstone    250  25 

Lower  Lias    (iUO  (nearly)  ? 

The  author  considers  it  piobaUe  that  under  Oxford  the  Great  Oelita  le  aeparaled 

*  As  this  ore  ettends  under  the  property  of  the  Dake  of  Marlborough,  theautbor  has 
named  ii  the  "  Rlcnlicira  iron-ore;"  and  for  fuller  details  refers  to  hls  mimoirt  "The Geo- 
logy of  the  Country  round  Woodstock/'  Mem.  Geol.  Survey,  1857* 
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from  the  Lower  LiM  by  nol  more  tlum  25  feet  of  ttrata,  of  which  the  MiurUtoiio  form 
the  greater  part,   

yoiu  on  §ame  Pamtt  in  Ckemieal  Oeokfgy. 
By  T.  Stseet  Huitt,  F,itS^  ufike  Cfeoiogieal  SunMy  of  Canada, 

IMamt€*a»d  Iryjwiim.— Mr.StenyHunt  hes  shown,  from  the  mode  in  which  dolo* 

mites  occur  and  from  the  plienomcn:i  presented  by  their  associated  fossils,  that  these 
magueuao  rocks  cauuot  have  been  formed  by  the  alteration  of  pure  limestoue^  so  that 
the  theoriei  of  Von  Buch  and  Haidinger,  propoied  to  explain  their  formation,  are 
really  in  nowiie  appUcable.  He  has  further  shown,  tlmt  in  the  famous  experiment 
suggested  by  Haidinger  and  performed  by  \'on  Morlot,  who  asserted  that  hy  the 
action  of  sulphate  of  magnesia,  in  presence  of  water  in  an  excess  of  carbonate  oi  lime, 
at  200**  C.  under  pressure,  there  is  formed  sulphate  of  lime  and  a  double  caihonate  et 
lime  uiul  magnesia,  the  fact  has  heen  overlooked  that  in  reality  no  double  carbonate 
is  ohrriinrd,  but  only  a  mixture  of  anhydrous  carbonate  of  magnesia  with  carbonate 
ot  luuf,  und  consequently  not  a  dolomite,  which  is  a  chemical  compound  of  the  two. 

In  Marignac's  modification  of  Von  Morlot  s  experiment,  where  ttie  chloride  is  sub- 
stituted for  the  sulphate  of  magnesia,  Mr.  Hunt  finds  that  a  variable  portion  of  this 
double  carbonate  is  really  formed,  and  remains  mingled  with  the  excess  of  carbonate 
of  lime  and  anhydrous  carbonate  of  magnesia,  which  is  alto  a  result  of  the  reaction  as 
before.  Charles  DeviUe'a  late  experiments,  in  which  fragmeiiti  of  limestone  were  im- 
prcL'Tiated  with  magnesian  solutions,  and  heated  at  the  ordinary  pressure,  with  forma- 
tion of  soluble  lime-salts  and  magnesian  carbonate,  are  but  imperfect  repetitions  of 
Von  Morlot*!  and  Marignac*e  proccMes,  and  none  of  these  are  applicable  to  the  great 
majority  of  cases  in  which  pure  and  magnesian  limestones  are  associated  in  such  waji 
as  to  show  that  they  have  hvt^n  successively  deposited  from  water^  the  latter  aometilliea 
enclosing  pebbles  and  fos&iis  oi  pure  carbonate  of  lime. 

Mr.  Hunt  proceeds  to  show  tha^  when  mixtures  of  amorphous  hydrated  carbonatt 
of  magnesia  with  carbonate  of  lime  are  heated  under  pressure  to  a  temperature  of 
300^^  to  400''  F.,  direct  comhinntion  rnnics,  and  dolomite  is  formed;  and  he  gives 
reasons  for  supposing  that  this  cuiubmaiion  may  take  place  slowly  at  much  lower 
temperatures. 

It  was,  however,  necessary  to  find  a  source  for  the  magnesian  carbonate  which  had 
formed  these  magnesian  sediments,  and  lierp  Hunt  has  signalized  a  remarkable 
and  hitherto  undescribed  reaction,  by  whicii  carbonate  of  lime  decumpuaL-ii  hulpbute  of 
magnesia,  not  with  the  aid  of  heat  and  Dreseure  as  in  Von  Morlot 's  experiment,  but  at 
the  ordinary  t  rnperature.  When  a  solution  of  bicarbonate  of  lime  is  mingled  with  a 
liquid  contuming  sulphate  of  magnesia,  a  double  decomposition  takes  place,  and  by 
evaporation  at  temperatures  between  90°  and  180°  F.,  the  lime  is  deposited  in  the 
form  of  gypsum,  a  very  soluble  bicarbonate  of  magnesia  remaining  dissolved,  which 
is  precipitated  by  furtlier  evaporation.  If  we  conceive  the  carbonate  of  lime  to  be 
furnished  by  springs  falling  into  a  closed  lake  or  basin,  the  carbonate  of  magnesia 
would  be  precipitated  in  a  state  of  mixture  with  carbonate  of  lime»  thus  giving  the 
elements  of  the  dolomite  which  is  always  associated  with  rtratified  gypsum. 

Mr,  Hunt  has  further  shown  that,  by  the  action  of  wFxters  containine  alknlin'e  carbo- 
nates upon  sea-water,  the  lime  is  first  precipitated,  and  at  length  were  is  formed  a 
solution  of  b{<»rbonate  of  magnesia.  To  this  agency  he  ascribes  the  Tast  depofitt  of 
magnesiaii  ro^ks  which  exist  independent  of  gypsum,  and  which  sometimes  contain 
an  excess  of  carbonate  of  magnesia  over  that  required  to  form  dolomitesj  or  lime  beiii^ 
absent,  are  ma^nesites. 

The  part  which  carbonate  of  soda  has  played  in  gi  v  i  n  g  rise  to  carbonatee  of  Ihne  and 
magnesia  must,  according  to  Mr.  Hunt,  have  been  very  important  in  former  periods. 
The  source  of  this  has  been  the  decomposition  of  felspar,  which,  in  being  reduced  to 
ciays,  have  lost  the  whole  or  a  part  of  their  soda  in  the  form  of  silicate,  which,  converted 
into  carbonate  by  the  carbonic  acid  of  the  atmosphere,  is  now  represented  by  the  se»- 
salt  of  tl»e  ocean  and  the  carbonates  of  lime  and  niagncsia  of  the  rocky  strata.  Claya 
and  argillitcs  are  unknown  in  the  vast  tliickticss  of  crystalline  rocks  which  constitute 
in  Canada  the  Laurentiun  system,  lying  beneath  the  Lower  Silurian  series.  In  these 
oldest  rocks,  the  alumina  exists  in  the  form  of  felspar,  in  great  part  with  a  base  of 
Mda$  but  in  the  Silurian  rocki^  when  altered^  aiuaiiBOtta  eiUcatee  abound,  wch  as 
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chlorite,  epidute,  and  aUimina-garnet,  and  in  those  strata  where  lime  and  magnesia 
ore  absent,  chloriloid  Andalusite,  stauroiide,  and  kyanite.  These  mineral^  which  are 
only  furnied  in  alamuiow  aediments  that  hav«  loit  their  alkalica,  become  more  and 
more  abundant  on  the  newer  strntn. 

The  consideration  of  the  conipowlion  of  mineral  iprings,  as  Mr.  Hunt  Uaa  remarked, 
ahoirs  that  the  solvent  action  or  water  remove*  from  sedimenta  chiefly  soda,  lime,  and 
magnesia,  and  with  the  eoneurrence  of  oi^nic  matter,  oxide  of  Iron,  so  that  the  more 
permeable  strata,  and  generally  mnrc  siheenus,  retain  scarcely  any  other  bases  than 
alumina  and  potash ;  the  argillaceous  and  less  permeable  beds,  on  tlie  contrary,  retam 
the  whole  of  their  hatet.  The  operation  of  proeeiae*  continually  going  on  in  nature 
therefore  tends  to  divide  the  silieo-argiUaceoita  rocka  into  two  classes,  whose  meta- 
morphism  and  displacement  will  give  rise,  on  the  one  hand,  to  granites  and  trachytes, 
and  on  the  other,  to  rocks  made  up  of  basic  felspar  and  pyroxenes.  ^ 

The  author  regards  all  the  so-called  igneous  rocks  as  altered  and  trantlated  tedi« 
nients,  and  distinguishes  them  by  the  name  of  rxotic  roc7;s,  from  the  snme  sediments 
alf  ;  (' !  in  situ,  which  jn.iy  be  c  illrd  imllgennns  plntniiic  rocks.  He  insists  upon  the 
fact  tiiai  the  chemical  composuiuii  und,  for  the  niost  part,  the  lithological  charaeten 
of  all  the  varieties  of  inerasive  rocks  may  he  found  represented  in  metamorphosed  sedi- 
ments. 

Mr.  Hunt  has  called  attention  to  tlic  fact,  that  as  long  ago  as  1834  Kcferstein 
advanced  the  opinion  that  all  plutonic  rocks  are  only  altered  sediments,  and  thus 
anticipated  in  part  Sir  John  IlerBchcl's  theory  of  earthquakes  and  volcanic  pheno- 
mena, to  wliich  Mr.  Hunt  has  i  n  a  wider  extension,  connecting  it  with  Mr.  Bab- 
bage  •  speculations  on  the  result  of  the  rising  of  the  isothermal  lines  in  the  earth's 
crust,  consequent  upon  the  accumulation  of  sediments.  The  first  result  of  this  heat 
would,  as  Mr.  liabbage  has  shown,  produce  expansion  and  elevation ;  hut  when  meta* 
tnorphi:4in  takes  place,  the  contraction  attendnnt  npnn  the  conversion  of  the  sediments 
into  the  denser  silicates,  such  as  chloritoid  pyroxene,  garnet,  epidotc  staurotide,  and 
chiastolite,  must  produce  an  effect  directly  opposite.  In  this  way  Mr.  Hunt  conceives 
that  while  the  eavtli*a  nucleus  may  be  a  solid,  although  incandescent  moss  of  anhydrous 
silicate!*,  we  may  suppose  that  the  infcrinr  strntn,  wliich  are  iinderpoinjr  metamorphism 
and  igneo-aqueous  fusion,  agreeable  to  the  views  of  i'oulett  Sciope,  Herschei,  Scheerer, 
and  Sorby,  are  contracting  in  such  a  manner,  that  we  may  possibly  admit  with  £tio 
de  neauinont  a  shrinking  of  the  fluid  mass  beneath,  which  will  explain  the  great  plica- 
lions  of  the  earth's  crust,  and  thus  reconcile  this  thetiry  with  the  view  of  a  solid 
nucleus.  At  the  same  time  he  is  inclined  to  refer  the  great  niovemc!U»  of  elevation 
and  subsidence,  for  the  most  part,  to  what  Herschel  has  described  as  "  the  disturbance 
of  the  equilibrium  of  pressure"  consequent  upon  the  transfer  of  sediments,  while  the 
yielding  mass  repo$;cs  upon  a  mass  of  nratter  partly  solid  and  partly  liquid. 

These  views  will  be  fuuiid  in  the  '  Reports  of  the  Geological  Survey  of  Canada  for 
1857  and  1858,'  where  the  eatperiments  upon  gypsum  and  magnesian  rocks  are  given 
in  detnil.  Also  in  a  memoir  published  in  the  'Quarterly  Journal  of  the  Geological 
Society '  for  Nov.  1859. 

On  the  Igneous  Rocks  interstratified  with  tlie  Carboniferous  Limestones  of  the 
Boiin  4^  Limerick,   bt^  J.  Bebtb  Jukbs,  If^.,  F*R,S. 

The  author  called  attention  to  some  of  tlie  lately  published  sheets  of  the  *  Geological 
Survey  of  Ireland,'  including  this  district,  and  stated  that  the  ground  had  been  sur" 
veyed  by  Messrs.  Kinahan,  Foot,  O'Kelly,  and  Wynne. 

fie  gave  a  brief  sketch  of  the  physical  structure  of  the  country  around  Limerick, 
and  then  proceeded  to  describe  its  igneous  rocks.  These  are  of  two  kinds,  trap  and 
.trappean  ash.  The  trap  varies  greatly  in  texture  and  aspect,  more  perhaps  than  in 
mineral  composition.  The  trappean  ash  (or  tufl')  is  the  result  of  the  mechanical  ero- 
sion of  the  igneous  rock,  either  during  t^<-  ti  ne  of  its  eruption  or  immediately  after, 
and  befiire  it  was  buried  under  other  aqueous  rocks,  it  consists  of  grains  or  frag- 
ments of  trappean  material,  varying  from  the  finest  powder  to  a  coarse  conglomerate, 
with  blocks  several  inches  in  diameter,  and  often  COUtaint  large  and  small  fiagmentl 
of  limestone,  and  sometimes  of  other  matters. 

It  is  perfectly  stratified,  lying  iu  regular  beds,  ioterstratiticd  boiii  with  the  limestone 
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and  with  the  (nip,  and  blends,  almost  inaeneibly,  aometinies  into  one,  and  aomefimcfl 

into  tlic  other  rovk. 

In  the  centre  of  the  district,  about  Ballybruod,  ii  a  small  hill  of  the  lower  coal^mea- 
sure  shales,  resting  upon  the  upper  Kinestone  on  one  side,  and  on  trap  on  the  other. 
This  trap  attains  a  thickness  of 800  or  1 000  feet,  and  is  chiefly  contemporaneous  bedded 
trap,  hut  has  some  intrusive  parts,  which  cut  like  (1\  kes  into  the  coal-measures.  It  rests 
on  a  bed  of  ash,  and  at  its  eastern  end,  at  Nicker  Hill,  near  Pallas,  the  most  curious 
and  complicated  interstratificationa  of  limestone,  asb,  and  imp  may  be  distinctly  ob- 
served. 

Beneath  tins  upper  trnp  comes  a  regular  band  of  upper  limestone,  COO  or  800  feet 
thick,  surrounding  the  trap  and  coal-measures  on  all  sides,  and  forming  an  oval  basin. 

From  underneath  thw  another  great  belt  nf  trap  and  ash  crops  out,  fonninira  evC" 
responding  outer  basin,      dimensions  of  which  ore  about  12  milfs  from  E.  to  W.,  and 

6  miles  from  N.  to  S. 

The  lower  limestone  rises  from  underneath  this,  and  undulates  for  some  miles  over 
the  adjaoent  country.  Towards  the  N.W.  some  of  these  undulations  are  sufficiently 

great  to  bring  the  upper  limestone  in  again,  unclcnieatli  the  present  surface  of  the 
ground,  and  with  that  large  parts  of  the  lower  trap  and  ash.  There  are  th\is  formed 
three  considerable  detached  outlying  bu^inti  of  trap  and  ush,  one  round  Cahcrnarry 
and  Roxborough,  another  about  the  eastern  side  of  the  city  of  Limerick,  and  a  third 
round  C  irrvgagnnnil.  'Ihcre  arc  also  one  or  two  small  exhibitions  of  atmilar  rocka 
towards  the  north,  apparently  on  a  rather  lower  horizon. 

The  above  igneous  rocks  are  all  bedded  and  interstratified  with  the  limestones, 
except  in  a  few  places,  wbere  tliey  setui  rather  to  occur  as  small  intrusive  dykes, 
cutting  through  the  other  traps  as  well  ;is  tho  aqueous  rocks. 

In  many  places  the  bedded  traps  bccuuie  quite  vesicidur  and  scoriaceous,  the  vesi- 
cles being  often  filled  with  carbonate  of  lime  and  other  minerals,  ond  thus  forming 
an  amygdaloid. 

In  some  plaee^  thcfse  vesicular  part-i  orcnr  ns  irrepular  hnn  ls  intermediate  betwefcU 
bands  of  solid,  compact,  or  even  crystalline  trap,  precisely  rc&emblingthe  figures  given 
by  Sir  C.  Lyell  of  the  junctiws  of  different  flows  of  lava  on  Mount  etna. 

There  are,  however,  six  other  detached  masses  of  ii!;neous  rock,  five  on  the  south 
and  one  on  the  north  of  fh<'  h-A'in  nhovo  spf.ken  of,  which  are  clearly  intrusive  mas^^cs 
ri:>ing  up  through  the  limestone,  and  nut  now  connected  with  any  overlying  contem- 
poraneous sheets  of  trap.  It  is  probable  that  these  mark  the  sites  of  the  volcanic  foci 
or  funnels,  through  which  some  of  the  sheets  of  trnp  flowed  to  the  then  surface,  such 
sheets,  with  the  upper  limestone  includin:r  tlum,  haviiig  been  hmg  iv^o  romoved  by 
denudation.  It  is  also  probable  that  bimilur  smnil  detached  foci  or  tunnels  lie  still 
concealed  beneath  the  areas  occupied  by  the  conCcmporaneoiH  traps  and  asbes. 

One  of  th'-ie  di  taclied  ma'»se«,  called  Knock  Dirk  (not  the  hill  which  is  called  merely 
Diik),  a  true  syenite,  having  crystalline  particles  of  quartz  mingled  with  felqiar 
and  hornblende. 

It  is  difficult  to  give  any  precise  name  to  the  rock  compris^ing  the  other  masses. 

Some  of  the  traps,  both  intrusive  and  cnntcmpornneon?,  would  he  cfimmnnly  called 
felspar  porphvry,  others  greenstone,  and  ot!ic  rs  basalt.  When  the  felspar  porphyry 
loses  its  distinct  crystals  of  felpar,  it  might  perhaps  be  called  felstone.  Felstonc, 
however,  u-i  understood  by  the  uuthor,  means  a  rock  composed  of  a  trisilicated  fel- 
spar, minu'led  with  an  overplus  of  silica  in  a  stntc  of  piste;  and  it  seems  diflicult  to 
sup^>ose  that  siltcaied  rocks  proceedme  in  a  molten  condition  through  and  over  such  a 
basic  snbatance  aa  the  carboniferous  limestone,  should  still  contain  any  uncombined 
silica,  except  in  the  heart  of  a  laige  mass  like  Knock  Uirk.  It  would  ticem,  therefore, 
advisable  to  apply  some  other  name,  such  as  nplianite,  for  instance,  to  the  compact 
felspathic  rocks  above  spoken  of.  in  the  absence  of  precise  chemical  analysis,  which 
the  author  regretted  that  he  had  been  unable  hitherto  to  procure,  it  bad  seemed  better 
to  speak  of  allthe  igneous  rocks  collectively  under  the  vague  but  sufficiently  intelligible 
designation  of  trap. 

Mr.  Jukes  also  stated,  that  he  was  much  struck  with  the  very  ^rent  resemblance 
between  these  trappean  ashes  and  some  of  the  traps,  and  those  which  ho  recollected 

to  have  observed  in  the  volcanic  islands  in  Torres  Straits,  where  small  delachcd  vol- 
canoes have  broken  through  tiie  coral  reefs:,  and  formed  rudely  conical  accumulations 
of  stratified  ashes  containing  lumps  of  coral  limestone  together  with  flows  pf  horn- 
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Utndic  lava.    It  it  probable  that  beneath  th«  ■«A>level  theetR  of  such  lavft  aad  Tol- 

cimc  ;isli  lie  niterstratifii  d  witli  tlio  coral  limestone.  Ct'rf;iiT;1y,  if  Torres  Straits  were 
UeDressed,  and  these  islands  exposed  to  the  breakers,  horiiiout&l  beds  of  the  ash  and 
wtanie  conglomerates  would  be  derived  from  themi  and  spread  over  Aa  mrfina  of  the 
oofilneft. 


Omthg  Ij^nadak  Coal:/kld  and  the  Whin'sUlof  CumberlandmidNarikumber^ 

land.    By  J.  A.  Knipe. 

The  author  points  out  tlif  intfro-tinir  fVirt  of  the  tme  Newcastle  coal  being  worV.<»<], 
and  iliat  most  successfully,  at  a  disumcc  ui  abuut  iU  miles  west  ot  the  Great  Norihum- 
berland  and  Duiham  coaf-fidda  at  the  locality  named.  The  history  of  thia  and  an  ad* 
joiniiifj  cnnl  field,  called  the  Stublick,  are  both  similar,  viz.  the  strata  nre  thrown  down 
many  hundred  feet  by  the  prolongation  of  the  90  fathom  Fault,  which  is  well  known 
and  may  be  well  observed  on  the  Northumberland  coast  at  CuUercotcs.  The  principal 
diaft  sunk  on  thia  outlying  coal-field,  on  the  line  of  railway  from  Haltwhistle  to  Ald- 
•topf*  Moor,  is  named  the  *'  King  Pit,"  MlJgeholin  Colliery.  The  depth  of  the  shaft 
is  506  feet  6  inches;  there  are  five  workable  seams  of  coal,  the  a^^regate  thickoeea 
of  which  is  23  feet 

The  Great  Whinriill,  or  interstratified  trap,  may  be  traced,  more  orle»,  for  many 
•core  miles  in  the  counties  of  Cumberland  and  Nortliumberland,  to  its  termination 
on  the  coast  of  the  German  Ocean,  at  Dunstanburgh  Castle.  At  Wall  Toum,  situated 
<m  ik9  M  Romam  Road,  north  by  weit  from  Hdtwhiitie,  a  town  and  etation  on 
the  Naweaette  and  Carliale  Railway,  about  2|  miles,  tlie  Whin-sill  assumes  a  very  bold 
bluff  appearance,  after  emerging  from  the  snperincitmbenl  limestone  rock.  In  places 
it  ha.s  a  columnar  structure,  but  has  now  much  of  ita  mural  appearance  changed  b^ 
trees  growing  amongst  the  ruin  and  debris  of  the  rocky  stnietore;  on  the  summit 
diere  is  still  a  very  perfect  portion  left  of  the  Roman  wall.  The  author  described  the 
(lection  through  the  limestone  grit  shales,  ironstone,  and  fii#nkinsop  Mines  to  the  King 
fit  and  Tynedale  Fault.  _ 

Om  lAe  Bntjytion  in  Mi^f  1860,        Kotlumd  Volcano  In  Icdand, 
By  W.  LAI7DSB  Lindsay,  MJJ^y  FJj»S, 

It  may  interest  the  Geological  Section  of  the  British  Association  to  be  informed 
that  nn  eruption  has  recently  occurred  of  the  Kotlvigja  volcano,  Iceland,  from  a  visit 
to  which  island  I  have  just  returned.  Had  time  permitted  (which  it  does  not)  i  in- 
tended to  have  drawn  up  for  the  British  Association  a  brief  aeconnt  <^  the  chief  phe* 
nomena  of  the  eruption  in  question,  accompanied  by  drawings  made  on  the  13th  June 
inst,,  and  a  map  of  the  district,  and  preceded  by  n  summary  of  the  preceding  erup- 
tions of  the  same  volcano,  which  are  fourteen  in  number.  1  hope  at  greater  leisure  to 
prepare  such  a  notice  for  some  of  the  journals. 

Mcanwliilc  I  may  concisely  state  that  the  volcano  in  question  is  situated  in  tho 
south  of  Iceland,  about  twenty  miles  from  the  coast,  near,  but  considerably  to  the  east 
of,  the  well-known  Hekla,  which  has  been  quiescent  since  1846.  KotliigjA  is  part  of  a 
range,  fiAeen  to  twenty  miles  long,  of  glacier-covered  mountains  or  "  Jokuls,"  which 
include  Eyafjalln,  ^hrdal8  and  Godalands  Jokuls;  the  average  elevation  above  the 
sea  being  between  400U  and  5000  feet.  The  eruption  began  on  the  8th  of  May  last ; 
it  was  preceded  by  earthquakes  of  a  local  character ;  the  first  indication  of  its  advent 
being  a  dark  cloud  hovering  over  the  summit  of  the  mountain.  The  u^ual  chief  cjecta 
of  Kijtlugjd,  when  in  a  state  of  ortiption,  are  hot  water,  pumice,  and  ashes.  On  the 
occasion  of  the  last,  or  fifteenth  eruption,  in  May  last,  the  most  noteworthy  pheno- 
menon was  the  enormous  water-flood  sent  forth*  a  flood  which  bore  wilh  it  pieces  of 
ice  so  large  that  they  were  »;traoded  in  the  sea  (twenty  miles  distant)  at  a  depth  of  20 
fathoms.  The  flames  w  hich  issued  from  the  crater  were  on  the  12th  of  May  visible 
in  Reykjavik,  the  capital  of  Iceland,  which  is  at  least  eighty  miles  distant;  and  ou 
tike  I6th  smoke  rose  to  the  height  of  24,000  feet,  this  column  of  smoke  bdng  also 
visibh  in  Reykjavik.  I  left  Scotland  for  Iceland  on  the  8th  of  June  inst,  expecting  to 
find  Kotlii^jji  still  giving  forth  its  fire  and  pourinfr  out  if<5  floods  of  water.  Oti  the  \  'M\\ 
we  sailed  close  to  the  south  coast  of  Iceland  from  rurtiand's  Uak  westward,  the  wea- 
ther being  bamtiftd  and  oat  viav  of  Myrdals-Jlikiil  and  the  neighbouring  JSkula  as- 
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ccllent :  but  al!  was  quiet;  not  a  vesUge  of  smoke  even  was  to  be  seen,  TmirTiing 
at  the  Westmanna  Islands,  we  were  informed  that  the  Kotiugja  eniption  had  ceased 
a  few  dayi  previously,  having  done  comparatively  little  mischief  to  the  farms  in  its 
▼icinity. 

[Details  of  the  rr^iptions  above  referred  to,  as  well  as  an  account  of  the  Geology 
and  Topography  of  Kutlu^d,  will  be  found  in  a  pajper  bv  the  author  "  On  the  Erup* 
tiofi  in  May  I860,  of  the  Kotlugj^  Voloanov  leefand '^atieompatiied  with  a  Map 
**  illustrative  of  the  Physical  Oeography  of  that  part  of  the  South  of  Iceland  in  wldcB 
Kotlugj&  is  situated" — in  the  '  Eilinburgh  Nc^r  P!iilosoplucal  Journol*  for  Januanr 
1861,  jp^  6,  and  pi.  2 ;  and  also  in  his  '*  Contributions  to  the  Natural  History  of  Vo^ 
eude  FbeDomeDa  and  Rwdoeti  in  Iceland  '*  in  the  *  Piroeeedings  of  the  Royal  Society 
ef  £dinbiiigh'for  17th  Deoemher  1660.]— 4ane  I860. 


On  some  B^pUHtm  Foot-prints  from  lAe  New  Bid  Sandatimtt  north  of 
Wohtrhaa^ton.  Bif  iki  Rey.  W.  Listbiu 

The  object  of  this  paper  is  simply  to  anaoiince  the  discovery,  in  a  fraah  locality,  of 
foot-prints  of  the  Labyrintkodon,  Rhynchosauma,  and  of  another  animal,  or  animals, 
with  which  I  am  not  acquainted.  Iliihertu,  I  believe,  the  remaius  of  the  Laby- 
rbModon  have  only  heen  found  in  WarwiekriitM,  and  tlie  north  of  Cheshire  and  na 

neighbourhood ;  and  the  Rhynchosaurus  in  the  Grinsel  quarry  near  Shrewsbui^*.  The 
foot-prints  now  discovered  have  been  met  with  in  Staflbrdshire,  in  a  quarry  of  the 
New  tied  Sandstone,  on  the  very  borders  of  the  Red  Marl,  at  a  place  about  six  miiea 
north  of  Wolverhampton,  in  the  parish  of  Brewood,  on  the  road  hetween  "The 
Stone  House  "  and  Somcrford.  "  The  Stone  House,"  which  is  given  on  the  Ordnance 
Map,  is  nerir  to  Chillington  Avenue  Gates,  and  witliiii  200  yards  of  the  quarry.  The 
bed  in  which  the  foot-prints  occur  is  about  12  feet  from  the  surface.  One  of  the  siubs 
was  to  thickly  covered  with  impressions,  resembling  those  of  the  RhynehoMuarmt,  aa 
to  make  one  feel  that  the  animals  which  made  them  must  have  been  very  numerous 
on  the  spot.  These  were  smaller  than  most  of  the  others,  and  1  have  a  strong  im< 
pression  that  they  were  those  of  youn^  animals,  they  were  so  uniform  in  size  and 
form.  Bnt  naibrtunately,  the  slab,  wmch  was  from  5  to  6  feet  long  by  firom  8  to  4 
broad,  was  removed  before  I  had  an  opportunity  of  re-examining  it. 

The  ripple-murk  is  very  beautifully  preserved  on  some  of  the  slabs,  and  so  is  also 
the  rmth«hrops ;  while  in  many  cases  the  amount  of  taud  deposited  by  each  tide  ie 
readily  discovered  by  the  thickness  of  its  layers,  which  lie  one  on  the  other,  andwhieb, 
by  means  of  the  rippk-niark,  show  also  the  direction  ]u  which  the  v  nter  flowed,  or 
the  wind  blew,  at  the  time  they  were  deposited.  The  deposits  of  two,  three,  and,  in 
tome  eaaet,  of  even  Ibiir  tides  afe  eiisily  teen. 

Sr  uie  of  the  footrprinu  of  the  Labyrinihodom  are  10  inchea  in  length;  thote  of  dia 
RkfffkckMmtrut  are  from  1  to  2  inches. 


Oil  the  Kok-i- Noor  previous  (o  its  Cutting. 
By  tlte  Rev.  W.  Mitchell  and  Prof.  Tennant,  I\G.S, 


On  the  Conienls  of  Three  Square  Yards  of  Triassic  Drift. 
By  C.  MooBi,  P,O.S, 

The  author  staled  that  several  years  ago  he  suspected  the  presence  of  triassic  rocks 
in  the  neighbourhood  of  Fromc,  from  accidentally  finding  a  single  block  of  stone  on  a 
roadside  heap  of  curboniferoiis  limestone,  containing  fish  rt-m;iiii3  of  the  former  age; 
but  that  for  a  long  time  he  was  unable  to  discover  it  in  »iiu.  More  recently,  when 
examining  some  carboniferous  limestone  quarries  near  the  above  town,  he  observed 
certain  flssuret  which  had  subsequently  been  filled  up  by  a  drift  (^t  n.  later  age.  One 
of  these  wns  about  a  foot  in  breadtli  at  the  top,  but  increased  tn  1  '  fort  i:i  l-rcndth  at 
the  base  oi  the  quarry,  30  feet  below,  at  which  point  teeth  and  bones  ot  tno&sic  reptiles 

♦  After  the  reading  of  tlic  paper,  it  was  stated  by  Mr.  Hull  of  the  Government  Snrv-pv, 
that  impressioos  of  the  Labyrmthodon  have  been  discovered  in  two  or  three  other  fresh 
tecalitict,  but  they  have  not,  at  I  undentaad,  been  pnblithed.— W.  L. 
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and  fi;thea  were  found.  Usually  t^ese  intiliings  consisted  of  a  material  as  deoae  a» 
th«  KfliMtone  iUell^  and  froin  which  any  orgunie  remain*  eottld  only  be  extraeledt 

viCh  difficulty.  In  another  oart  of  the  section  he  wm  fortunate  enoi^  to  find  a  de- 
posit consisting  of  a  coarse  friable  sand,  containinj?  similar  remains.  In  order  that 
this  might  receive  a  more  careful  examination  tiiari  could  Le  given  to  it  on  the  tpot^ 
the  whole  of     eonsivtine  of  about  9  tons  weight,  was  carted  awav  to  the  residence 

of  the  author,  at  liath,  n  distance  of  twenty  miles  ;  all  of  which  haa  passed  under  his 
ohservatioti,  witli  the  followin;;  results: — The  fish  remain?,  ^v]li{'1l  were  the  most 
abundant,  were  fust  noticed.    Some  idea  nii^lit  be  formed  of  thiir  numbers  wlieu  he 
stated  that  of  the  genus  Aerodu*  alone,  including  two  species,  be  had  extracted  45,000 
teeth  from  the  three  sciuare  y.irds  of  earth  uruler  notice,  an<l  that  they  wore  even 
more  numeroun  thnn  these  numbers  indicated,  since  he  rejected  all  but  the  most 
perfect  examples.    Tit  th  of  the  Satirkhthys  of  several  apecies  were  also  abundant; 
and,  next  to  ihem,  troth  of  the  Ift/hodus,  With  occasional  spines  of  the  latter  geniM. 
Scales  of  Gi/roU-pis  and  Lcpichtus  were  also  numerous,  and  teeth  showing:  the  pre- 
sence of  several  other  genera  of  (iihes.    With  the  above  were  found  a  number  of 
cnrious  bodie?,  each  of  which  was  surmounted  by  a  depressed,  enamelled,  thorn-like 
spine  or  tootb»  in  some  cases  with  points  as  sharp  as  tliat  of  a  coarse  needle;  these 
the  author  supposed  to  be  spinous  scales,  belotif^in^  to  several  new  species  of  fish, 
allied  to  the  Squahrata^  and  that  to  the  same  genus  were  to  be  referred  a  number  of 
bair-Iike  spines,  with  flattened  fluted  sides,  fonnd  b  the  same  deposit.   There  were 
also  present  specimens,  hitherto  supposed  to  be  teeth,  and  for  which  Agassis  bad 
created  the  genus  Clenopfifchius,  but  which  he  was  rather  dis]>n  c !  to  consider 
(like  those  previously  referred  to)  to  be  the  outer  scales  of  a  fish  allied  to  the  Squa- 
Uraia,   II  was  rerosilced  that,  as  the  drift  roust  have  been  transported  from  some  di- 
stance, delicate  organisms  could  scarcely  have  been  expected  ;  hut,  notwithstanding, 
it  contained  some  most  minute  fish-jaws  and  palates,  of  which  the  author  had,  either 
perfect  or  otherwise,  130  examples.    These  were  from  a  quarter  to  the  eighth  of  ao 
meb  In  length,  and  within  this  small  compass  he  possessed  specimens  with  from  thirty 
to  forty  teeth  ;  and  in  one  palate  he  liad  succeeded  in  reckoning  as  many  as  seventy- 
four  tocth  in  position ;  and  there  wore  spacer*  where  sixteen  more  had  disappeared,  so 
that  in  this  tiny  specimen  there  were  ninety  teeth !    Of  the  order  Keptiiia  there 
were  probably  eight  or  nine  genera,  consisting  of  detached  teeth,  scutes,  vertebrse, 
ribs,  and  nrticuhiled  bones.    Anionirst  these  he  liad  fovuid  the  flat  crusliing  teelb 
of  the  Placodus  ;  a  discovery  of  interest,  for  liitherto  this  reptile  had  only  been  found 
in  the  muschelkalk  of  Germany, — n  zone  of  rocks  hitherto  wanting  in  this  country, 
but  which,  in  its  Fauna,  was  represented  by  the  above  reptile.    But  by  far  the  rooet 
important  remains  in  the'  deposit  were  indiratioiis  of  the  exi  truce  of  triassic  mam- 
malia.   Two  little  teeth  of  the  MicroUites  had,  some  years  before,  been  found  in 
Germany,  and  were  the  only  traces  of  this  high  order  iu  beds  older  than  the  Slonesfield 
slate.     I'he  author's  minute  research i  »  liad  broMyht  to  light  fifteen  molar  teeth,  either 
identical  with,  or  al'it  d  to,  the  Microle.^li  x,  ai.d  al.-o  five  incisor  te;  th.  evidently  be- 
longing to  more  than  one  species.    A  very  small  double-fanged  tooth,  not  unlike  the 
oolitic  Spataeoiheriumt  proved  the  presence  of  another  genus  and  a  fragment  of  a 
tooth,  consisting  of  a  sini^le  fnn<r,  with  a  'imall  ]M«rlion  of  the  crown  attached,  a  third 
genus,  larger  in  sizf  than  \h<-  Mi'-r(>f<     s.     J  Im  e  vertt-htu-.  belnnfrinir  to  nn  nuimnl 
smaller  than  any  existing  laanminl,  had  aLo  been  found.     J  he  oiuijor  inlerred  that 
if  twenty-five  teeth  and  vertebrce,  belonging  to  three  or  four  genera  of  Mammalia, 
were  to  be  found  within  the  space  occupied  by  three  square  yards  of  earth,  that  por- 
tion of  the  globe  which  was  tlieti  dry  huirl,  and  from  wlicnce  the  material  wa>  in  part 
derived,  was  probably  inhabited  ut  thitf  curly  period  of  its  luAtory  by  many  g<  nerH  of 
MammaliB,  and  would  serve  to  encourage  a  hope  that  this  family  might  yet  be  fonnd 
in  beds  of  even  a  more  remote  age. 


Memarhit  on  Fouil  Fish  from  the  North  Staffordshire  Coal  Fiddt* 

Bif  \V  1 1, LI  AM  MoLYNEL  X. 

The  r.uthor  of  this  paper  stated  that  little  more  than  two  years  ago  the  fossil  fish  of 
Ae  coal-fietd  in  question  comprised,  so  far  as  was  then  knowtt,a  ust  of  eight  genera 
only,  and  those  of  a  kind  most  commonly  found  in  other  home- representatives  of  the 
system.  ImX  year,  at  Aberdeen,  he  had  the  honour,  in  cooaeiion  with  Mr.  Gamer* 


Digitized  by  Google 


TBAN8ACTIOK8  OF  THB  8SCTION8 


89 


of  exhibiting  before  this  Section  a  collection  of  such  reroaius,  the  generic  number  of 
iritieih  amoaoted  to  apwtrda  of  twenty,  including  some  new  to  science,  and  <^era 

a  lare  and  iDterestiag  order.  On  the  present  occasion  his  principal  object  was  to 
draw  attention  to  some  specimens  obtained  since  the  period  alluded  to.  One  of 
these,  Ctcnacan  hui  Uifbodoidcs  (EgertoD),  was  in  a  perfect  state  of  preservation. 
AnoUier  specimen  was  a  lower  jaw  of  Rhiaodus,  whose  lung  powerAil  teeth,  arranged 
ia  pain^  ittembled  in  their  curved  points  R.  ineurvus  of  the  Ohio  coal-field ;  but  as 
there  appeared  to  be  doubts  of  its  specific  identity,  probably  it  would  prove  to  be  a 
new  species.  There  was  also  a  fragment  of  a  massive  jaw  of  the  same  genus  which 
presented  features  of  rauch  interest  to  the  ichthyologist. 

Of  the  smaller  ganoids  exhibited,  one  represented  a  new  genus,  obtained  from  the 
deep  mine  ironstone  «hale  at  Longton,  at  the  pit  where  ironstone  was  first  worked 
for  the  purpose  ut  maaufacture  in  North  Staffordshire.  The  specimen  measured  four 
inches  in  length,  hut  was  scarcely  one  inch  in  its  greatest  depth  unmediately  behind 
the  head  ;  tho  form  being  tapering  and  elegant.  The  dorsal  fin  was  placed  but  half 
an  inch  before  the  bifurcating  point  of  tlu*  caudal,  and  slightly  in  advance  of  the 
anal  hu,  the  ray^i  being  strong  and  articulated.  The  bcales  were  rhomboidal  in 
form,  and  profusely  ornamented  with  raised  lines,  which  assnmed  the  character  of  a 
series  of  Gothic  arches  ranging  from  the  centre  of  the  scale.  Some  undescribed  spe* 
cimens  of  Palaoniscus,  with  many  large  teeth  of  Placoid  fish,  were  also  exhibited. 

The  coal-ticld  in  question  was  found  to  be  particularly  rich  in  fish-remains  ;  and 
although  little  more  than  two  years  had  been  actively  devoted  to  the  subject,  the 
generic  list  had  during  that  time  increased  from  eight  to  thirty-three  in  number,  and 
the  author  felt  sanguine  that  it  would  ultimately  prove  quite  as  rich  in  species  as  the 
Old  Red  of  Scotland.  These  remains^  it  was  stated,  occur  very  irregularly  ;  some 
beds  of  ironstone  in  the  upper  division  of  the  nieasuiLS  contain  considerably  more 
than  others,  but  it  was  only  in  one  instance,  that  of  tin  new  mine,  that  they  were 
found  forming  a  stratum  from  one  to  three  inches  in  thickness.  Though  anything  like 
perfect  specimens  were  comparatively  rare«  the  6ne  compact  shales  of  the  knowU 
and  deep  mine  iroostooes  Iwd  lately  produced  some  well*pn»i»rved  specimens  of 
Faheooiscas  and  Platysmna. 


NoHcB  of  a  Fossiliferous  Deposit  near  Famelly  in  Forfarshirey  N»JSt, 
By  J.  PowRi B.  (^Communicated  by  Sir  R .  M urcii ison.) 

This  deposit, which  is  situated  on  the  south-east  bank  of  the  Pow  Burn,  about  half  a 
mile  south-west  of  the  Farnell  Station  of  the  Scottish  Nortli-Easlern  Railway, 
mostly  consists  of  fine  greyish  argillaceous  shales,  the  lower  norUott  splitting  into 
laminse  nearly  as  thin  as  writing-paper,  and  when  first  opened  of  a  delicate  cream* 
colour;  the  upper  beds  are  tbicker,  and  vary  from  n  cream  colour  to  daik  trrev ;  in 
many  places  these  are  considerably  stained  by  the  iniiitratiuu  of  iron  in  solution. 
The  dip  i«,  at  an  angle  of  about  12^,  in  a  nearly  north-west  direction,  the  strike  Ihus 
following  that  of  the  Great  Anticline  which  nu\i  through  Forrarshire,  a  little  to  tllO 
sonth-cnst,  in  a  direction  of  from  north-i  ast  to  loulh-west  nearly. 

This  deposit  rests  confurwably  on  a  tliick-bidded  coarse  dark  red  saudbtonc,  and 
var^  in^  from  4  to  6  or  7  feet  in  thickness,  is  overlaid  by  coarse  broken  shales,  above 
which  IS  a  considerable  tli'  kticas  of  boulder  cl;iy  and  soil.  Both  from  \U  position 
and  peculiar  organic  reniaim^,  it  can  at  once  be  recognized  as  occupving  the  same 
position  in  the  Forfarshire  formations  as  the  Turin  Hill  and  Carmyflie  flagstones. 
Cropping  out  on  the  banks  of  a  small  stream,  it  was  first  noticed  as  affording  indications 
of  bemg  fossiliferous  by  the  Rev.  Henry  Brewster  of  Farnell,  and  pointed  out  by  liitn 
as  such  to  the  Rev.  Hugh  Mitchell,  who  first  discovered  that,  besides  Parca  decipietit 
and  remains  of  Ptert/ffoti,  &c.,  it  contained  small  fishesin  aetata  of  wonderful  preserva- 
tion; these  being,  with  the  exception  of  C<rpAa/ajpjt  and  afew  very  imperfect  ichthyolites, 
the  first  fiiihes  found  in  tlie  Forfarshire  sandstones  :  a  paper  was  read,  aTul  n  selection 
of  these  exhibited  by  Mr.  Mitchell  at  the  Meeting  of  the  British  Association  held  at 
Aberdeen  last  August  (1859).  IndisposiUon  has  prevented  him  continuing  to  aid  in 
these  explorations. 

The  Earl  of  Southcsk,  on  whose  estates  this  deposit  is  situated,  hag  lately  most 
liberally  opened  up  this  deposit,  and  placed  the  examination  of  its  contents  under  the 


Digitized  by  Google 


90 


BaK>BT— 1660. 


•uperintendence  of  Mr.  Brewster  and  m3'seir:  already  a  considerable  portion  has 
been  carefully  looked  over,  and  has  yielded  to  our  researches  some  most  interesting; 
remains:  these  lie  scattered  tluough  the  whole  deposit,  but  in  the  upper  and  coarser 
hedi  are  for  the  moat  part  both  badly  preserved  and  very  fragmentary;  jn  the  l<»w«r 
fisjile  portions  they  arc  more  perfect,  and  the  state  of  preservation  is  generally  very 
fine  :  no  painting  could  equal  the  beautiful  appearance  some  of  the  smaller  iisbea 
exhibit  when  the  little  slab  in  which  they  have  been  entombed  is  first  opened  up,  and 
•tUl  damp.  From  the  fragile  nature  of  the  matrix,  great  care  is  required  in  ^tth^g 
it  lip ;  ni^  1  in  afterward!  fitting  up  theepecimena  for  preMrration  they  are  exeaMingly 
apt  to  be  destroyed. 

The  P»ea  deeipiem  is  the  moet  abundant  oiganiam  found;  finely  sculptured  frag- 
tnanti  of  Pterygotu*  Anglicm  and  other  Pierygoti  are  by  no  means  uncommon  ;  and 

one  or  two  varieties  of  a^  vet  unnamed  Enrt/pterififfhixvenecn  found,  nnd  r.re  n-ny  in  the 
collections  of  Mr.  Brew&ter  and  Mr.  Mitchell.  But  by  far  the  most  interestme;  feature 
of  ditt  deMait  ia  dia  eomparative  almndanee  of  •malf'^iaed  fishes  not  Ibund  eMewheiv 
in  Forlarsmre ;  although  Cephalaspk  is  frequently  found  in  other  localities  along  with 
Pterygofiit,  as  yet  not  a  fragment  of  this  tish  has  been  disinterred.  Afl  the  fishes  I 
have  as  yet  examined,  in  a  state  of  preservation  suthcient  for  identiiication,  belong  to 
the  family  AeaiUko^  and,  In  so  far  as  I  am  able  to  ascertain,  to  the  genera  JamtAodet 
and  Diplacanthus.  Of  the  latter  genus  {DIplacanthus),  two,  if  not  more,  very  distinct 
species  have,  up  to  this  time,  been  found  ;  unfortunately  those  are  very  rurciy  entire, 
the  deposit  bemg  a  good  deal  fractured  and  faulted ;  ultiiough  the  largest  of  the 
IH^aettnthus  yet  found  does  not  seam  to  have  been  over  6  inches  In  length,  only  one 
nearly  complete  fish  of  that  genus  has  as  yet  turned  up  ;  tlie  other  specimens  ?how 
merely  p-Ttinns  of  the  body,  tail,  &c.  Of  Jcanthodts,  the  fishes,  being  smaii,  are 
generally  much  more  entire :  of  this  genus  I  can  onl^'  discern  one  species,  and  this, 
although  provisionally  named  at  the  Aberdeen  Meetmg  "  Acanthode*  antiquus^"  in 
nn  ^-tv  diners,  in  so  fir  ;i=;  I  ran  see,  from  the  'ppcimens  of  A  cant  h  odes  pusi/fus  I  hare 
been  able  to  procure  for  comparison  (these,  however,  have  all  been  very  imperfect), 
further  than  the  condition  oi  the  sediment  in  which  they  had  been  laid  down,  and 
similar  natural  causes  mi^fc  readily  explain. 

AltliouL^h  1'v  no  means  prepared  to  assert  the  positive  specilic  identity  of  the  Far- 
nell  fishes  with  those  of  the  same  genera  found  in  Cromarty,  Morayshire,  ike,  yet  their 
general  resemblance  to  these  mcs  fonnd  in  our  more  northern  deposits.  In  my 
opinion,  strongly  points  to  the  probability  of  our  Forfarshire  flagstones  belonging  to  an 
epoch  moVe  nearly  approximating  in  geological  time  to  the  fiso-beda  of  the  northern 
counties  than  has  as  yet  been  generally  thought  likely. 

Bssides  these,  some  very  imperfect  remains  of  fishes,  evidently  belonging  to  oAar 
fismilies,  have  been  found;  it  is  to  be  hoped  that  further  explorattoas  nay  throw  aoBM 
additional  light  on  the  nature  of  these  fragments  (see  p.  78), 


Sir  E.  I.  MuReHtsoK  exhibited  the  New  Geokgieal  Hap  of  the  Vicinity  of  Ojt£Btd. 


On  the  Geology  of  lib  Vmnif  t/  of  Oitfard. 
Bjf  Profeaeor  Phillips,  MJi^  FJLS. 


NoifoXk*  By  JosBPH  Prbstwicb,  F.R,S!.9fC, 

Tha  olgcct  of  the  author  was  to  correct  an  opinion  which  prevailed  regarding  tha 
superposition  of  the  freshwater  deposit  at  Mundesley.  In  the  interesting  sections 
of  the  Norfolk  coast,  given  bv  Sir  C.  Lyell  in  the  '  Pliilosopbical  Magazine  '  for  May 
1840,  the  freshwater  beds  of  Mundc^le)  are  represented  aa  iutevcalated  in  the  Boulder 
day.  The  wearing  oway  of  the  cliff  since  that  period  has  exposed  a  clearer  section, 
from  which  it  appears  to  the  author  that  there  is  no  intercalation  of  the  Lcfls;  but 
that  the  freshwater  beds  overlie  the  Boulder  Clay,  and  that  they  are  newer  than  any 
portian  of  the  clUf  except  a  bed  of  the  gravel  which  passes  over  them.  Tliey  lie  in  • 
AoDow  worn  through  the  upper  beds  and  tha  Boulder  Clay  down  to  the  sands  beneath. 
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And  tliey  are  clearlj  Mpftnited  from  all  tbeie  older  bed*  by  anotber  and  underl/ing  bed 
of  ffravel. 

Tbe  author  further  tiotieed  that  the  lover  sandt  and  graveli  under  the  Boulder  clay 

contained  a  layer  of  marine  shells  in  a  perfect  state  of  preservation,  consisting  of 
^f^ffiitls  edulis  fsome  with  Balatii  attached)  and  Littorina  fittoralis,  and  traces  of 
others.  Again,  below  this  is  a  seam  of  dark,  clay  containing  freshwater  sheUs,  chiefly 
tbe  PindSum  ammeum,  and  a  UniOf  while  a  abort  distance  lower  is  tfie  well-lnMiwn 

Forest  bed  with  its  elephant  and  other  inammnlian  remains.  He  concludes  by  rail- 
ing attention  to  the  Mnndcsley  deposit  as  being  probably  synchronous  with  the  flint* 
implement  bearing  deposit  of  Hoxne. 


On  SHekenaidu,  J9^J.  Pricb. 


Oh  ike  C^fmnaHogkai  and  Chographkal  Diiirikitim  cf  Utie  Dewmikm  Pot* 
M  of  Devon  and  ComwcUL  By  William  Pemgsllt,  F.G,8* 

The  Umeitonei,  slates,  and  aaeoeiated  sandstones  of  NMth  and  South  Devon  and 

Cornwall  have,  h  well  knov,Mi,  raused  much  perplexity  as  to  their  real  place  in  the 
chronological  series  of  the  geologist.  Thanks,  however,  to  the  labours  of  Professor 
Sedgwick,  Sir  R.  1.  Mui^iaon,  Mr.  Lonadale  and  others,  the  problem  is  now  gene- 
rally admitted  to  be  solved ;  the  rocks  in  question  are  the  ecjuivalenta  of  the  Old  Red 
Sandstones  of  ScoUaud  and  ehiewhera ;  tb^  belong  to  what »  known  aa  the  Dnm^an 
age  of  the  world. 

Some  littla  difltodty^  bowerer,  esiata— or  rather  once  eici*ted--^ii  the  way  of  the 
&I]  and  onqiialified  acceptance  of  this  decision.  The  rocka  of  DeffOOabivft  are  crowded 
with  the  remains  of  invertehrate  animals,  especially  sponges,  corals,  nnd  ^hpl!*?; 
whilst  the  supposed  contemporary  deposits  of  Scotland  and  tbe  adjaceni  i^\e%  are  so 
rich  in  foeeil  Ash,  that,  in  the  language  of  the  late  Hugh  Miller,  "  Orkney,  were  th« 
trade  once  opened  up,  could  supply  with  ichthyolites,  by  the  ton  and  the  shipload, 
the  museums  of  the  world*;"  bvit  the  fossils  characteristic  of  either  of  the<«<»  districta 
are  not  found  in  the  other.  Scotland  does  not  ^ieid  the  mollusks  and  zoophytes  of 
Devonslifra,  nor  it  thero  recorded  in  the  latter  diitrict  raoro  than  tha  faintoat  traea  of 
the  ichthyolitic  wealth  of  the  North. 

Though  this  fact  may  still  have  difficulties  connected  with  it,  they  have  ceased  to 
be  chronological ;  fur  Sir  IL  I.  Murchison  tells  Ui*  that  *<  The  same  fossil  fuhes,  of 
^ecies  well  known  in  the  middle  and  upper  portiona  of  tha  Old  Red  of  Scotland,  and 
which  in  large  tracts  of  Rnn^i  i  lie  alone  in  sandstone,  are  in  many  other  places  found 
intermixed,  in  the  same  bed,  with  those  shells  that  characterize  the  group  in  its  slaty 
and  calcareous  form  in  DeTonahlre,  tbe  Rhenish  eotmtry,  and  the  Boulonnais."  *'  The 
fiiet  of  tbia  intermixture  completdy  pu^  an  end  to  all  dispute  respecting  the  identifi- 
catioM  of  the  central  and  upper  mnsseaof  the  Old  Red  of  Scotland  with  ttia  oaWacaous 
deposits  of  Devonshire  and  the  Eifelf." 

Professor  Sedgwick  has  propoaad  the  followli^  tbfeelbld  diTmon  of  Ae  Deroniaa 
rocks  of  Devon  and  Cornwall 

"The  first  and  oldest  of  these  groups  may  be  conveniently  called  the  Plymouth 
groupt  using  these  words  in  an  extended  sense,  to  as  to  include  all  the  limestones  of 
Sotttn  DeTon  and  the  red  aandatonee  superior  to  the  Plymouth  limatto&ea.  Tbe 
equivalent  to  this  grmip  in  North  Devon  includes,  I  think,  Ae  Ilfraeooibe  ind  linton 
limestones  as  well  as  the  red  sandstones  of  the  north  coast. 

**  The  second  group  includes  the  slates  expanded  from  Dartmouth  to  the  roetamor- 
pbic  group  of  Start  Pmnt  and  Bolt  Head,  and  is,  so  far  aa  I  know,  without  fiMsib:  H 
may  be  called  the  Dnrtniouth  group,  and  its  equivalent  in  North  Devon  is  found  in 
the  slates  of  Mortc  L>ay,  which  end  with  hciU  of  purple  and  groPinNh  sand*rock  and 
coarse  greywacke.    It  raagCii  nearly  east  and  west  across  the  county. 

**  The  third  group  is  not,  I  think,  found  in  South  Devon ;  but  in  North  Devon  it  is 
wcll-definrd,  rommencing-  on  a  base-line  of  sandstone  beds  whicli  range  ner.rly  rust 
and  we&t  from  Basgy  Point  (on  the  western  coast)  to  Marwuod  (which  is  a  few  miles 
north  of  Barnstaple),  and  thence  towards  the  eastern  side  of  tbe  county.    This  group 

*  FootpcinU  ol  tbe  Creator,  p»  8.  f  Siluria,  Third  Edition,  p.  382. 
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is  continued  in  ascending  order  to  the  slates  on  the  north  shore  of  Barnstaple  Bay ; 
but  its  very  luj(hest  beds  are  snen  ou  the  south  shore  of  the  bay»  dipping  under  ine 
bue  of  the  cnlm^meanare*. 

"The  C(juivalpnt  of  lliis  third  and  highest  Devonian  grouj)  is  found  to  llic  south  of 
the  great  culm-troui^h  in  a  group,  near  the  top  of  which  appear  the  limestone  bands 
and  fossilifcrous  slules  of  rdhcrwin.  It  may  be  called  the  Ijarnstaplc  or  Pctherwin 
group*." 

Profeiisor  Sedgwick  rccogniies  the  Pljrmoutb  group  in  the  sliitee  «f  Looe,  Folperro^ 

and  Fowey  in  Cornwall  f. 

Accepting,  at  least  proviaionallv,  these  divisions,  we  have,  when  considered  dire* 
nologically  as  well  at  geographically,  what,  as  a  matter  of  convenienoe,  nuiy  be  eaUed 
five  fossilifcrous  areas;  namely,  a  dej)usit  of  tlie  age  of  ihe  Plymouth  group  in  each  of 
the  districta,  South  Devon,  Nortli  Devon,  and  Cornwall ;  and  one  ol'  (he  Barnstaple 
age  in  each  of  the  two  latter.  To  avoid  undestrable  reoetidoii,  they  will  be  epokMi  of 
diroughout  this  paper  as  Lower  South  Devon,  Lower  North  Devon,  Lower  ComwaU* 
Upper  Nortli  Devon,  and  Upper  Cornwall,  The  f'»rms  '*  Lower"  and  "  Upper"  arc 
to  Be  understood  as  applied  relatively  only  to  the  rocks  of  Devon  and  Cornwall,  and 
not  as  embodying  or  implying  any  opinion  respecting  the  co-ordination  vf  these  rocks 
iwith  deposits  of  the  Devonian  age  elsewhere. 

Had  existing  materials  warranted  it,  it  woiild  have  been  desirable  to  have  made  a 
farther  division,  namely*  one  having  reference  to  the  mineral  character  of  the  dcpo- 
rits,  as  well  as  to  time  and  place;  for  it  is  eertain,  as  misht  have  been  expected,  that, 
in  the  same  area,  some  fossils  are  peculiar  to  the  argillAceous  beds,  and  others  are 
found  oTily  in  ihf  ralrnroous  strata;  tlnis,  for  i  xHin])le,  I  learn  from  Mr.  (lod^vin 
Austen  tiial  lie  huM  iuiam  the  remarkable  coral  lUcuruJiclyuat  proUemaiicum  in  the 
slates,  but  not  in  the  limestones,  at  Ogwell  in  South  Devon.  My  own  experience  is 
in  !Kirmony  with  this;  tlie  same  fossil  occurir  in  the  <?lato:<  at  Torquay  and,  in  g^rcat 
abundance,  at  and  near  Looe  in  Cornwall ;  but  not  in  limestone  anywhere.  At  pre* 
sent,  however,  il  would  be  premature  to  attempt  a  division  of  this  kind. 

The  object  contemplated  in  the  present  paper  is  to  give  some  aecount  of  the  ancient 
population  of  the  five  areas,  especially  with  reference  to  their  distribution,  ao  ftr  na  it 
WAS  known  when  the  Census  was  last  taken. 

Amongst  the  things  which  have  recendy  drawn  my  attention  to  this  subject  may  he 
mentioned  the  following  passage  in  the  address  of  Professor  Phillips  as  rre>ident  of 
the  Geological  Society  of  London.  *'  Only  a  small  proportion  of  the  fossils  of  North 
Devon  occur  in  South  Devon  And  also  the  loUowing  statement  by  Professor 
Haugbton "  I  do  not  believe  in  the  lapse  of  a  long  interval  of  time  between  the 
Silurian  and  Carboniferous  deposits,  in  fact  in  a  Devonian  period. 

"The  sfsme  blending  of  corals  has  been  found  in  Ireland,  ihc  T^r^s  Boulonnais,  and 
in  Devonshire,  where  Silurian  and  Carboniferous  forms  are  of  common  occurrence  in 
the  same  localities 

It  should  be  remembered  that  the  statement  with  which  we  have  here  to  deal  is  tbat 
the  "blending  of  cora/s"  (the  word  in  nni  foxtiU)  **of  Silurian  and  Carboniferoos 
forms  is  of  common  occurreuce  in  Devonshire.  ' 

I  have  consulted  such  registers  as  I  have  been  able  to  command,  and  have  thrown 

so  much  of  their  contents  as  hear  on  the  tpieslions  before  us  into  the  following  tabular 
form,  for  which,  of  course,  no  higher  value  is  claimed  thau  attaches  to  the  original 
documents. 

The  materials  have  been  in  a  great  degree  derived  firom  Professor  Morris's  '  Cata- 
logue of  Fossils.' 

Every  geologist  must,  of  course,  be  aware  of  the  nun^erous  and  elaborate  Tiiblcs 
which  Professor  Phillips  has  introduced  in  his  *  Pala>o/oic  l-'oiosils  of  Devon  and 
ComwaUi*  when  discu^ssing  i.uhjects  akin  to  those  at  pret-rnt  under  consideration.  In 
the  preparation  of  this  paper  the  author  has  in  no  way  made  use  of  the  valuable  data 
these  Tables  contain. 

*  Quarterly  Journ.  Gcol.  Soc.  vol.  viii.  p.  3.  t  Ibid.  p.  14, 

X  Quarterly  Joura.  Geol.  Soc.  voL  xvi.  p.  xl. 

f  Voyage  of  the '  Pox '  in  Arctic  Sees,  Appendix,  No.  IV.  p,  387. 


Digitized  by  Google 


TBAN8A0TI0NS  OF  TBB  8BCTI0NS. 


93 


-a 

J 

i 

c 

« 

Q 

o 


to 
m 
o 

c 


o 
> 


o 
a 

e 

fS 

& 
.8 


c 

■S 
9 


o 
« 

to 
c 

o 

CO 


u 
■J 


•  • 

•  • 

•  • 

FH  te  ^  ^  o  t-« 

-'I 

I' 

Common  to 

*utpa|!S 

•  .  •    •  • 

00  j 

.  J 

B   d  9 
P  g  3 

• 

«•••>•> 
«•»•••■ 

1 

=- 

• 

•    •    •         »    .  . 

« 

«a 

CM  — •  CM 

rt 
I'* 

tals. 

o  r—  c-^  X       O  'J. 

CM  — 

30 
I-. 

—  CM    ;        ;  •— <  ; 

1  - 

o 
H 

•a  'M  "1 

;   ;  — oc*   ;  : 

•      •                             •  * 

o 

a  n;  m  "(i  s  i 

:  i  i  :  i--  ;  ^ 

0  A  "(I  "M  ll 
'  0  1  '  tt  *S  'I 

:  ::::::: 

o 

'  aNH  '  a  s'T 

•  *    •    •    •  to    •  ^ 

•  •     «     «     •           •  « 

e 
o 

a 
a 

•0  'a  *'a  s  '1 

;   :   :     ^  CM  evi 

o 

a  M  n  "a  s  1 1 

:  ;  ;e'J<N 

o 

a  N  n 

•  « 

•  • 

*  •     *     «      •  • 
■            ■     «     •      •  • 

•  0     m     m     •  • 

'  a  'NT  1  "a  s  T 

m      •     •     «     •     «  • 

•  •«•••• 

•  «*•*•• 

n  1  -a  fi  "T  1 

*  (Mt       ■   mm       •       •  • 

*  a              •      •       •  1 

*  •              •      •       •  1 

<I  N  1  "CI  S  1  1 

*      •                  •      ■  • 

o 

•3  a 

i  I 

M  M  M  !>.  — •  CO  » 

:  CM  •n-  o  vo  lo 

eculia 

•a  -T  1 

o 
o 

•CM 

•a-N-q  1 

I- 

•a  -s  "1 

^                 O  r-^  (N 

o 

J 

•2 

t>, 
■V 
CO 

«0  00  rfj 

5 

CO 


S  ^  n 


3 

o  ^  —  c  o 


We  learn  from  Ibe  Ibne  left-luwd  colnmnt  of  ^ftiVM  btaded  «ToCdt"  m  tht 

Digitized  by  Google 


94 


KSFORT — 1860. 


Table,  tbat,  taken  together,  the  five  areas  have  yichled  f?47  species  of  fo'siU  belong- 
ing to  97  genera  and  49  families,  of  9  classes  of  aniaiaki  namely,  three  classes  of 
the  tubkingdom  lUdiato,  OM  «r  Articalata,  and  fiv«  of  MoHuwa;  htaee  15  of  the 
24  olaiKS  into  which  tlie  M^ng  animal  kingdom  is  commonly  dinded  are  totallj 

unrepresented  in  the  series,  as  is  tbp  entire  vegetable  kingdom  also. 

It  is  scarcely  necessary  to  remark  that  the  fossils  of  Devon  and  Cornwall  do  not 
fully  tepreieiit  the  otganiims  of  the  Devonian  age,  aa  aut  other  daaaes — Ptieea» 

Pteropoda,  Cirripedia,  and  Annelida  amongst  animals,  and  Cellulares  and  Monoco- 
tyledones  amongst  plant-^ — liavc  been  found  in  rocks  of  this  age  cliewhere;  and  of 
tnete  the  last  and  tir«t  tu-u  have  been  met  with  in  British  localities. 

The  most  important  clan  nooaerically  is  Brachiopoda,  to  whidi  108  species  belong; 
that  is  31  per  cent,  of  the  entire  series.  The  families  and  genera  of  Cephalopoda  are 
richer  in  species  than  those  of  any  other  claie,  averaging  16  for  each  family  and  10 
for  each  genus. 

Tlie  most  striking  fact  in  this  connexion,  is  the  abundance  of  Brachiopoda  and 

Cephalopnda,  and  the  pancit)  of  Lainellibranchiate  nnd  ("'.t^rcropod  species,  as  com- 
pared with  the  numerical  rank  of  the  same  classes  in  the  existing  British  fauna;  this 
Yf  iUf  perhaps,  be  most  strikingly  exhibited  by  the  following  Table : — 

Tablb  II. 

Devonian  Mo1>  Existing 

lusca  of  Devon  British 

and  Cornwall,  MoUusca. 

Bryozoa  42    72 

Brachiopoda  ••»•••      410-5    15*5 

Lamellibranchiata   186    3a9-5 

Oatteropoda   179*   521*5 

CapluaiipodA   182*5    81-5 

1000  1000 

wbieh  bat  been  tbui  computed ;  in  tHe  left>band  column  the  aggregate  number  of  die 
•pecies  of  fossil  Mollusca  found  in  Devon  and  Cornwall  has  beeu  put=1000,  and  the 
numbers  belonging  to  each  class  pqnntrd  to  this;  the  right-hand  cohinin  has  been 
formed  on  the  same  principle,  and  is  based  on  the  data  given  by  Forbes  and  liaiiley 
in  their  '  Hietoiy    Brititn  MoUusca.' 

It  appears  then  that  within  existing  British  seas,  the  Lamellibranchiates  are  about 
twenty-four  times  more  numerous,  specifically,  than  the  Brachiopods,  wliilst  within 
what  may  be  called  the  same  area,  the  latter  were  to  the  former  during  the  Devonian 
period  fomewbaC  more  than  ai  2  to  I ;  tbat  ia,  they  were  then  50  timet  more  abon- 
dant  than  at  present  in  comparison  with  the  other  great  class  of  Acej^halo.  In  like 
manner  it  is  spcn  tlif^t,  rflfifi\t  lv  to  the  Gn^'tpropoda,  the  Cephalopoda  were,  in  thi« 
early  age  of  our  planet,  seventeen  times  more  numerous  than  now.  It  may  be  added 
that,  within  the  district  under  notice,  the  registered  species  of  Devonian  Brachiopoda 
find  Cephalopoda  absolutely,  and  in  t  bigh  jrttioii  exceed  those  belonging  to  the  same 
classes  within  existing  British  seas. 

The  five  columns  of  Table  I.  headed  "Peculiar  to,"  and  distinguished  from  one 
another  by  the  initials  of  tbe  five  areas,  stiow  the  number  of  fossil  spectes  which,  so 
far  as  Enghmd  is  concerned,  are  peculiar  to  each;  from  which  it  appears  that  206 
species  are  peculiar  to  one  or  other  of  them,  leaving  no  more  than  51  distributed 
amongst  them.  Lower  Sooth  Devon  monopolizes  no  fewer  than  191  spedes  in  ibis 
way,  whilst  Lower  North  Devon  is  equally  remarkable  for  its  fossil  poverty. 

Five  areas,  taken  two,  three,  four,  ana  five  together,  are  capable  of  being  formed 
into  twenty*six  ditierent  combinations.  Not  a  single  species  is  common  to  the 
five  Ateasi  and  only  one,  Cyatkophyllum  eeltieum,  is  founa  in  «idi  nS  four  of  tbeni. 
The  well-known  coral  Ftno»iUi  ccrvicomit  is  the  only  fossil  found  in  each  of  the 
three  conteinpornry  deposits  of  Lcwrr  North  and  South  Devon  and  Cornwall.  Of 
two  areas  only,  Upper  North  Devon  and  Upper  Cornwall  have  tbe  greatest  number — 
foorteen'-'in  common.* 

*  See  in  Table  1.  the  ten  columns  headed  "  Uommou  to,"  and  distinguished  bv  combiaa* 
«iMii«finiM«fiwoori  
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It  mtut  be  undevttood  that  any  one  of  the  ten  eolamns  just  noticed  iliowi^  not  the 
total  number  of  species  ooniinon  to  the  areas  the  initials  of  which  stand  at  its  head, 

but  ,:iiip!v  the  nximh^T  at  once  common  and  restricted  to  them  collectively;  thm  tlie 
second  of  these  columns,  headed  L.  S.  D.,  L.  C,  shows  that  five  specie  are  common 
and  roitrieted  to  Lower  Sontli  Devon  and  Lower  Cornwall ;  but  in  the  third  eolnnn 
we  find  one  species  eommon  to  them  and  also  to  Lower  North  Devon,  in  the  fonrtli 

one  common  to  them  and  to  Upner  North  Devon,  and  in  the  eighth  one  found  in  each 
of  them  and  also  in  Upper  Nortn  Devon  and  Upper  Cornwall;  hence  there  are  eight 
species  comrooo  to  the  two  areas  instanced,  five  oeing  restrieted  to  them  eoUectively 
and  three  not.  The  same  explanation  applies  to  the  other  areas.  Hence  the  total 
number  of  specie??  found  in  any  area  will  1)0  ascertained  by  adilini^  the  Hgures  in  all 
the  columns  murkcd  "Peculiar  to"  and  "Common  to"  at  the  head  of  which  the 
initials  of  the  area  are  found ;  thus,  for  example,  a  total  of  47  species  of  Zoophytv 
occurs  in  Lower  South  Devon,  of  whicli  10  are  not  found  clHPwhere  in  Devon  and 
Cornwall.  Moreover,  as  tlie  column  marked  "Species"  shows  that  the  two  counties 
have  yielded  a  total  of  49  species  belonging  to  this  ckss,  it  is  evident  that  two  of  tiiia 
total  number  have  not  been  met  with  in  Lower  South  Devon.  And  so  on  for  the 
other  classes  and  areas,  as  U  shown  in  the  five  columns  headed  "Totals'*  and 
distinguished  by  the  initials  of  the  areas. 

Of  the  347  species,  67  are  met  with  in  various  parts  of  Continental  Europe,  and 
7  in  North  America;  C  of  tlie  latter  being  includea  in  the  European  67,  and  one  of 
the  G  is  al.io  found  in  New  South  Wales  ;  tlni^  maVmg  a  total  of  68  COmmOQ  tO DeVfn 
and  Cornwall  and  to  districts  beyond  the  British  Isles*. 

Comparatively  few  of  the  Devonian  fosrib  of  the  two  counties  appear  to  have  been 
dtrived  from  the  Silurian  fauna ;  eight  species  only  are  referable  to  that  earlier  periodf . 
Amongst  these  are  the  three  corals,  Faroxrip;^  fhrosn,  F.mmoima  hemhpharica,  and 
Chonophyllum  per/oiiaium.  The  first  has  been  founil  ui  I^ower  Silurian  rocks  at 
Llandovery ;  in  the  upper  deposits  of  the  eame  system  in  various  parts  of  die  typical 
Silurian  country,  in  eight  counties  of  Ireland,  In  Russia,  and  in  three  North  American 
localities ;  during  the  Devonian  era  it  existed  in  several  part"?  of  Devonshire,  in 
France,  and  in  Germany.  The  second,  Emmousia  hemia^htenca^  dates  its  origin 
in  Unper  SUurian  timee,  when  it  seems  to  have  been  confined  to  the  area  of  modem 
Nortn  America,  ranging  from  the  State  of  Ohio  to  Tennessee ;  having  outlived  tbo 
Silurian  period,  it  sent  colonies  to  Spain  and  Britain  and  greatly  extended  its  range 
in  .Vnitrrca. 

ChonophyUwn  petfoliatum  differs  from  the  two  former  in  having  always  lived 

within  narrow  geographical  limits;  it  occurs  in  Upper  Silurian  lotls  at  Wenlock, and 
in  Devonian  in  one  quarry  near  Newton  in  Devonshire^  but  its  appearance  is  not 

recorded  el.scwhere. 

The  wide  geographical  range  of  the  first  two  would  seem  to  imply  hardy  plastle 
constitutions,  fitting  them  for  distant  travel,  and  rxistcnce  undnr  variod  circumstances; 
tliere  is,  therefore,  nothing  very  surprising  iu  their  extended  vertical  range;  it  is, 
perhaps,  worthy  of  remark,  that  the  second  seems  to  have  disappeared  at  the  veiy 
xenith  of  its  widely  extended  power. 

The  very  limited  distribution,  in  space,  of  the  last  of  the  trio  would  scarcely  suggest 
the  thoi^lit  that  such  an  organism  would  be  likelv  to  be  cajpable  of  enduring  physical 
and  thenoal  clian^  such  as,  there  are  reasons  for  helievmg,  considerable  lapses  of 
time  have  always  introduced  into  any  given  area ;  changes  probably  similar  to  thosi 
which  an  organism  Would  «qp«rienee  in  passing  to  a  distant  locality  in  any  one  and 
the  same  period. 

On  the  other  bond,  the  well-known  fossil  coral  FtmuUei  OUdfntti  occurs  in  Devo- 
nian rocks  in  Devonshire,  at  Nehou  and  Vis^  in  France,  at  Millar  in  Spain,  in  the 
Oural,  in  the  States  of  Oliio  and  Kentucky  in  North  America,  and  in  New  South 
Wales,  it  seems  to  have  successfully  struggled  wiili  the  varying  contlitions  of  change 
of  place,  and  might  have  been  expected  to  be  equally  capabui  of  contending  with 
•acB  aa  depend  on  lapses  of  time ;  neverthelesai  the  ^ts  do  not  harmonise  with  sudi 

*  See  in  Table  I.  the  columns  headed  Eu.  (COtttinentil  Bvope),  En.  Am.  (Borope  and 

America\  Ai;i.  (America),  Eu.  A:ii.  An.  ''Eiiropc,  America,  and  Australia}* 
t  See  in  Table  1.  the  <^umn  headed  Silurian." 
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inferences ;  Chonophijllttm  perfulialu.'n  furmed  pnrt  of  the  Silnrian  and  Devonian 
faunas,  but  .was  confined  to  tho  British  area;  Favoxites  Goltffiun  was  at  home  in 
every  port  <if  the  world,  yet  it  commenced  and  terminated  its  eareer  within  the  De* 
vonian  period. 

The  roeka  of  Devon  and  Cornwall  have  58  speeiea  of  fbsint  in  common  with 
ilioae  of  the  Carbon iferoiis  group*,  hut  no  corals  or  sponges  alnon(^'^t  them;  so  that 

it  cannot  bo  snid  that  "there  is  a  bli-'iuliiig  of  Silurian  and  Carboniferous  corals  in 
Devonshire,"  whatever  there  may  be  elsewhere;  for  though,  as  has  been  stated,  three 
Silurian  corals  have  been  found,  not  one  referable  to  the  Carboniferont  faunn  lias 

been  exhumed  theref. 

The  species  which  thus  passed  from  the  Devoninn  into  thv-  rnrhoniffroni  period  are 
found  in  the  three  principut  fossiiiferous  deposits  ut  Devon  aiui  Cornwall,  as  exhibited 
fn  the  following  Table 


Tabls  III. 


Totals. 

L.S.D. 

U.N.D. 

U.C. 

6 

3 

2 

1 

1 

1 

••• 

6 

3 

2 

2 

24 

15 

9 

7 

4 

2 

•  •  • 

2 

10 

6 

Z 

3 

7 

2 

3 

6S 

34 

IB 

18 

The  populations  of  the  three  areas  seem  to  Inve  been  thus  composed 

South  Uevon  : — G  SiUjrinns4-220  new  species  (i.  e.  Lower  Devonian)=:a  total  of 
226,  of  which  34  passed  into  the  Carbouiferous. 

BamsUple 1  Silurian  ^  13  Lower  Devonians -|-  64  new  (Upper  Devonians)  m  • 
total  of  78,  of  which  18  passed  into  the  Carboniferous. 

IVtlierwin  t  —  l  Silurian  +  15  Lower  Devonians  +  57  new  (Upper  Devonians)  =  a 
total  of  73,  of  which  18  passed  over  to  the  Carboniferotts. 

Of  the  **new  forms  in  the  Barnstaple  and  Petherwin  areas  (64  and  57  reapeef* 
ively)  14  are  common. 

1 1  is  ])erhaps  worthy  of  remark  that  the  five  areas  have  a  smaller  number  of  organic 
forms  in  common — closely  connected  as  they  are  both  in  time  and  spaee— -than  widi 
Devonian  deposits  in  Continental  Europe  and  elsewhere  beyond  the  British  Islcs,  or 
with  the  Carboniferous  rocks  of  Ireland  and  Central  and  Northern  England. 

Table  I.,  to  which  attention  has  so  frequently  been  directed,  represents,  so  far  as 
is  at  present  known,  the  abMolute  distribution  of  the  fossils  in  the  two  counties  in 
which  they  occur ;  but,  for  purposes  of  geological  chronology,  it  is  probably  of  greater 
importance  to  ascertain  their  relative  distribution;  this  is  shown  in  Table  IV.,  which 
has  been  calculated  from  Table  I.  thus :  the  total  number  of  sjiecies  in  each  class  is 
puts  1000,  and  the  figures  in  the  other  columns  equated  to  Ihif. 

*  See  in  Table  1.  the  column  headed  "  Clarbomferous." 

t  See « Monograph  of  British  Fossil  Corals*'  by  Messrs.  Bdwwds  and  Hdme,  pp.  150  and 
312. 
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X^h  m A  it  ntrktd  by  tont  dm  being  relatively  mOil  abundfat  in  il^  m  it  ex* 
bibilfd  below,  thiift*«* 


L.  S.  D. 

L.  N.  D. 

L.  C. 

U.N.  P. 

u.a 

ZoophyU. 

Bryozoa, 

Amorphozoa. 

Lapi^Ubnincbiiti. 

Cephalopoda* 

"When  nuiged,  in  descending  order,  lo  at  to  abow,  relatively,  the  mieration  of  Umv 

species  from  the  DevoTwrin  to  the  Carboniferous  em,  the  classes  stand  thus:  Rn'ozoa, 
Echinodennata,  BracUiopoda^  Gasteropoda,  Cephalopoda,  Crustacea,  Lameliibran- 
cbiatat. 

The  distribution  of  the  genera  is  just  as  marked  as  that  of  the  species ;  99,  oat  of 

the  totnl  97,  are  found  in  Lower  South  Devon,  and  of  theso  15  nrp,  in  Bntain,  pecu- 
liar (o  il.  Every  genus  of  the  classes  Zoophyta  and  Brachiopoda  occurs  in  it;  the 
genera  tboa  limited,  bowever.  are  tunally  poor ;  38  of  tbe  45  contain  eaeh  but  a 
iingla  Demnian  species.  The  richest  genus  not  found  elsewhere  is  Acervularia,  a 
group  of  corHl«?  belonging  lo  the  profit  P;i1?i>ozoic  faniily  Cyntlioph^lliflfp ;  it  contains 
7  tpfoies,  all  peculiar  to  this  area.  One  ul  the  ricliesl  genera  in  the  entire  series 
it  C/emfitia,  b^onging  to  tbe  clait  Cephalopoda ;  of  this  genus  11  speciee  are  found 
at  Squth  Pelherwin,  and  not  one  Is  met  with  elsewhere  in  firitain.  The  genus  Ct/rto- 
eera»,  witli  the  single  exception  of  C.  rusiicum  (probably  a  synonym  for  Orthoceras 
arcu^tum)i  is  restricted  to  Lower  South  Devon,  where  it  is  represented  by  12  sjieciea. 
^l^ronoloj^  langa  of  tbe  Deroniaa  ^fra  of  Devo|i  and  Cornwall  la  ihown 

bebtf« 


Table  V. 


o  . 
**  a 

Ck)mmon  to 

b  a 

o  2  a 

Dcvonii 

D«Toniaa, 

Carboniferaoi, 
PcToaiu, 
SilaHnu 

CarbooifHona, 
P>vwiip 

4 

3 

1 

•  •  • 

SO 

10 

i 

8 

2 

EchinodennaU  

6 

2 

•  •  • 

3 

1 

8 

1 

5 

•  «  • 

2 

f 

•  ■  • 

6 

2 

16 

3 

8 

3 

17 

2 

1 

9 

5 

14 

2 

*•■ 

11 

1 

5 

1 

t 

97 

24 

14 

41 

18 

Some  of  tbe  genera  common  to  the  Devonian  and  Carbettilbroaa  enu,  ana  found 

also  in  more  recent  deposits,  and  even  in  the  existing  f  iimrr. 

Such  appear  to  be  the  prominent  facts  in  connexion  with  the  lubjeots  under  con* 
•ideiftion.  Wbat  is  tbeir  interpretation  t  Tbb  it  a  problem  more  easily  proposed 
than  solved.  Are  we  to  believe  tliat  ottv  knowledge  of  the  geological  record  w  loo 
imperfect  to  warrant  any  important  generalizations?  Do  our  museums  ftilly  repre- 
sent |he  fossilized  remains  of  bygone  forms  of  life?  Have  all  the  extinct  organisms 
already  in  onr  poas^slon  been  registered  in  tbe  poUnbed  liattf  Is  tbe  record  itself 
8o  incomplete  as  to  be  altogether  incapahle  of  revealing  to  us  the  physical  and  organic 
history  of  our  planet?  Are  the  notions  of  biologists  respecting  specific  dintinctions 
sufticieaiiy  mature  and  uniform  to  warrant  a  reliance  on  their  decisions?  Some- 
tbing  mint  doubtless  be  conceded  on  each  of  these  points ;  stili  there  cannot  but  be  a 

♦  See  in  Table  IV.  the  columns  beaded  "  Touli." 
t  9fl«  i«  Tible  tV.  tbe  colunui  ba||^  Clrbeaifer^^s.'* 
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large  onlsUnding  amount  of  fact  incapable  of  being  tbu*  explained  away ;  tlie  problem 
demands  tome  other  aohition.    Suppose  it  true  that  in  some  case*  the  origanio  diai" 

milarify,  ivliich  hrta  been  described,  was  due  to  diflbrences  in  the  mineral  character  of 
the  ancient  sea-bottoms;  still  when  we  have  two  areas  hke  Lower  South  and  North 
Dtiwa*  oontuliiw  of  contemporary,  alroool  eonti^uaus,  and  MMredy  diaeiaiiikr  ^cpo- 
UUt  one  rich  anil  the  other  poor  in  the  variety  of  its  organic  remains,  having  together 
233  species  yet  no  more  than  8  in  common,  some  other  aolutior)     ohviously  needod. 

Was  there  a  terrestrial  barrier  separating  the  two  areas  Was  thut  which  is  now 
Central  Devon  occupied  by  dry  land,  wliion  stretched  far  both  east  and  ««it»  vhila 
the  waves  of  the  Devonian  ocean  rolled  over  the  north  and  soutli  of  the  county?  All 
the  known  pltysical  facts  are  opposed  to  such  a  hypothesis.  Moreover,  8  species 
actually  did  migrate  from  one  area  to  the  other;  eight  proois,  then,  that  a  passage  did 
«iiat,  unless  we  suppose  that  boUi  areat  ifera  peopled  mna  soma  non  dittanl  MBlrt 
or  centres  of  dispersion. 

It  may  be  asked«  were  not  these  eight  the  remnants  of  an  earlier  (a  Silurian)  iaima^ 
formi  of  life  whoco  loeaiiaatton  YmA  been  detenmoed  by  aa  eatlier  distribution  of  land 
and  water?  £kht  Silurian  forms  do  make  their  appearance  amongst  the  DcvmiiaQs 
of  Devon  and  Cornwall ;  are  not  these  the  very  eight  thus  common  ?  Now  it  so  hap- 
pens that  they  are  not ;  in  fact  there  is  not  a  single  Silurian  form  in  the  Lower  North 
Devon  series.  This  hypothesis  then  fails.  Shall  we  hold  vith  Professor  Fhillipi,  that 
"  this  unequal  diffusion  of  definite  forms  of  life  may  often  be  ascribed  to  oceanic  eui> 
rents*?"  1  cannot  but  think  that  rower  difficviliifs  attarh  to  tins  than  to  any  other 
hypothesis  which  has  been  proposed.  It  simply  requires  us  tu  suppose  that  a  per- 
flistent  oceanic  stream,  flowing  through  Central  Devon,  separated  tae  eontemporaiy 
deposits  of  the  nort!i  nrul  south,  and  formed,  by  its  themal  or  other  quslitiesi  anaU 
but  impenetrable  barrier  to  the  marine  tribes. 

Though,  as  we  have  seen,  at  least  so  far  as  Devonshire  is  concerned^  the  basis 
entirely  fails  on  which  scepticism  respecting  the  existence  of  a  Devonian  period  has 
been  founded,  namely,  that  "the  blending  of  Siltirinn  niul  Carboniferous  coroh  \h  of 
common  occurrence,"  yet  if  the  word  **  fossil  "  be  substituted  for  *'  coral,"  a  blending 
of  this  kind  certainly  does  occur,  and  doubtless  the  fact  it  not  wiAout  a  meaning. 
Eight  species  from  the  older  and  58  feuad  in  the  more  modem  (a  total  of  66)  neel 
in  Devon,  .^re  they  necessarily  so  many  proofs  that  the  rocks  in  which  they  were 
inhumed  are  not  Devonian  ?  It  roust  be  borne  in  mind  that  there  are  281  species 
that  are  neither  Silurian  nor  Carboniferoas,  but  of  an  intermediate  character,  llie 
paleeontological  argument  then  stands  thus :  there  are  66  witnesses  supposed  t« 
testify  that  the  roit'*  are  not  Devonian,  and  281  (upwards  of  4  to  1)  empliatically 
declare  that  they  are.  liut  tlie  adverse  witnesses  are  by  no  means  agreed  amongst 
themselves ;  eight  of  them  claim  the  rocks  as  Silurian,  and  fifty-ei^ht  as  Carfaoniftroui. 
Is  there  no  way  of  interpreting  their  evidence,  hut  that  of  sacrificing  the  Devonian - 
system  altogether?  Are  they  not  &o  muny  arguments  in  favour  of  the  gradual  pas- 
sage of  system  into  system  ?  so  many  difficulties  in  the  way  of  a  belief  in  catastrophes? 
by  which  I  mean  convulsions  (or  call  it  by  any  other  name)  which,  from  time  to 
time,  shook  the  very  life  out  of  the  world,  causing  a  series  of  universal  and  synchro-* 
nous  depopulations  of  our  planet.  Kf  ay  we  not  regard  them  as  so  many  tints  inter- 
mediate, both  in  quality  and  in  place,  between  the  extrenfe' bands  Of  the  rainbow, 
uniting  them  into  one  beautifully  graduated  chromatic  spectrum,  so  softly  blendii^ 
as  tn  render  it  impossible  to  defme  the  exact  place  of  lines  of  demarcation?  which 
Dcrhaps  have  not,  and  never  would  have  been  supposed  tu  have,  a  physical  existence, 
nad  not  observers  hastily  generalised  from  the  imperfect  evidence  obtained  dtiring 
a  period  of  colour  blindness. 

But  if  tbe  I)(M  oMslnre  rocks  were  lianded  over  to  the  Carboniferous  system,  we 
should  not  be  tjuit,  oi  lac  doctrine  tbat  some  of  the  forms  of  one  period  have,  at  least 
in  some  instances,  lived  through  it  into  the  nexti  for  the  opponente  of  a  Dtvamm 
period  not  only  admit  this,  hut  rest  their  case  on  the  alleged  fact  that  "  Silurian  and. 
Carboniferous  forms  are  found  blended  together  in  Devotiahire  and  elsewhere."  When, 
nearly  a  quarter  of  a  century  ago,  Mr.  Lonsdale  first  suggested  that  the  fossihi  of 
South  Devon,  taken  as  a  whole,  exhibited  a  peculiar  character  intermediate  to  tboM 
«yf  IbQ  SiluriaQ  snd  Carboniferous  gimips«  be  was  perfectly  aware  that  SBMagsi  thsm 

»  Quarterly  Jwra.  Qeei  See. vsLxfL il. 
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wtiw  fonnt  referable  to  taeh  of  these  fannas,  yet  tbft  did  not  deter  him  from  roakiog 
the  aiigffestion,  even  in  the  fees  of*  phyeical  dtfncuUy  connected  with  the  culmiferoQe 
ho<h  ofNorth  Devon — eubeequently  removed  by  Prof.  Sedgwick  and  Sir  R.  I.  Mur- 

chison. 

And  what  haa  been  the  effect  of  the  recent  prosrest  of  diteovei^  and  nicer  dkcri- 
mination  on  this  question  ?    Has  it  increased  or  decreased  the  evidence  in  favour  of 

a  Devonian  period?  In  IS  10  Sir  H.  He  la  Beche,  discussing  this  subject,  «,''ive  a 
total  of  1^0  species  noticed  in  South  Devon  which  he  disposed  of  thns:  76  Carboni- 
ferous forms,  10  Siltirian,  8  common  to  Siluriao  and  Carboniferomif  and  97  peenliar 
to  Devonshire*.  At  ])r(»sont — confiiiitig  ourselves  also  to  South  Devon — the  lists  give 
a  total  of  226,  of  which  34  are  Carboniterou^,  (>  Silurian,  not  one  cominou  to  both, 
and  ISO  peculiar  to  the  district ;  or  putting  the  totalx  at  each  period  =1000,  and 
equating  the  separate  numbers  to  this,  the  figures  stand  as  in  the  following  Table,  and 
shew  a  decided  advance  Devonianward. 


Table  VT. 


1846. 

1860. 

£3 
395 

42 
610 

27 
150 
0 
823 

1000 

1000 

Doubtless  the  fact  that  the  Curbonitcrous  forms  so  firoatiy  outnumber  the  Silurian 
has  a  meaning.  Does  not  tliis  greater  organic  aiUnity  betoken  a  closer  chronological 
connexion  \vith  the  more  recent  than  the  more  ancient  period  ?  Is  it  not  an  intima^ 
tion  that  the  lowest  beds  of  Devonshire  do  not  constitute  the  basement  of  the  Devo- 
nian system  ?  That  the  county  has  an  ample  development  of  Upper  and  Middle,  but 
not  of  Lower  Devonian  rocks?  * 

Hitherto  we  have  accepted  the  hypotliesis  that  the  South  Devon  rocks  are  more 
ancient  than  the  Barnstaple  and  Petnerwin  groups,  and  that  the  two  last  are  contem- 
poraries. It  may  perhaps  be  well  before  concluding  this  paper  to  glance  at  the  bear- 
ings of  the  palsontological  evidence  at  present  before  us  on  this  point.  Patting  tlm 
entire  series  of  fossils  found  in  each  of  the  three  districtsslOOO  and  equating  aeond* 
ingly,  the  numbers  stand  as  below. 


Tablb  VII. 


South  Devon. 

Petberwin. 

BarasMple. 

27 

H 

823 

740 

75a 

150 

246 

231 

1000 

1000 

1000 

Whence  it  seems  tolerably  safe  to  infer  that  neither  of  the  three  deposits  is  Carboni- 
ferous or  Silurian,  bnt  injemiediate,  having  a  closer  connexion  with  the  former  than 
the  latter  period,  and  that  South  Uevon  is  tlio  most  ancient  of  the  tlirec  groups;  but 
the  evidence  is  scarcely  strong  enough  to  carry  any  conclusion  respecting  the  relative 
age  of  the  remaining  two ;  so  far  as  it  goes,  it  amounts  to  no  more  than  a  suggestion 
tliat  Petherwiii  Is  rather  more  modem  man  Barnstaple.  Be  that  as  it  may,  the  fossils 
found  common  to  South  Devon  and  each  of  them  must  be  regarded  as  contributiona 

*  **  MesMin"  af  Oeologtoal  Siirwgr»  vol.  i.  p.  90. 
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from  it  to  them ;  ming  tl)c  siiine  notation  as  above,  the  figures  stand— Lower  Devo- 
nians in  l*rth^r^vin  205,  in  Uarnstiiplo  167  ;  and  intimate  n  relative  age  the  reverse  of 
that  jubt  suggested,  so  that  the  only  ihiu";  pi  ovtd  is  the  insutlicicncy  of  the  evidence 
to  decide  t£e  poiDt ;  tuileM,  indeed,  it  ^ves  ua  where  it  found  w,  ooeepting  the 
hypothesis  that  the  two  deposits  arc  strictly  of  llu-  sume  age. 

Tlio  figures  now  prndnr^^d,  though  they  fairly  represent  our  present  knowledge,  can 
only  be  regarded  m  rougit  approximations.  It  is  more  than  probable  that  whenever 
tbo  CenMM  is  taken  again,  it  will  be  fimnd  neceiMiy  to  nswe,  perhaps  exteuivw, 
BMdifioatioDi  in  the  Tables.   


On  tome  Phenometm  of  Metaimrphum  in  Coal  in  the  United  States* 
By  Professor  H.  D.  Rogers,  FM,S,,  F*QJS^  QUugow. 


On  the  Geoloffi/  of  the  Neighbourhood  of  Cambridge  and  the  FosstU  of  the 
Upper  Greensand.   By  the  Rev.  Ptofeaaor  Sbdowick,  FM.S,,  F.G,S. 


On  ihne  undescribed  Bone-Cares  near  Tenby ^  Pembroheshire, 

By  the  Ucv.  Gilbert  N.  Smith. 

The  first  of  these  caves  was  discovered  about  twenty  years  ngu  in  blasting  a  clitf 
orerhanging  the  sea  at  Caldy  Island,  for  the  purpose  of  transporting  the  mountain 
limestone  of  which  it  is  composed  to  the  opposite  coast  of  Devonshire.  It  had  no 
external  opening  at  that  time :  the  side  %vails  were  verlical,  or  nearly  so,  the  strata 
standing  perpendicular  to  the  plane  of  the  horizon,  as  they  frequently  do  hereabouts. 
The  cave  was  formed  by  a  stratum  of  considerable  thiclmcai,  having  disappeared  at 
that  place  for  some  eight  or  ten  yarfl<i,  beitirr  p-'obaW}'  of  pnCter  materials  than  that 
both  above  and  below,  supposing  the  mass  to  be  restored  to  its  natural  horizontal  posi> 
tion ;  and  this  apparently  by  the  action  of  the  sea  in  earlier  periods.  Both  the  walla 
and  the  roof  have  since  been  removed,  so  that  now  no  cat;^  exists  there;  butthe,/foor, 
still  containing  fragments  of  bone,  is  covered  with  the  debris  of  the  quarrymen'a 
labours. 

While  the  cave  yet  remained  I  obtained  firom  it  the  usual  osseous  relics  of  the  cava 

mammals, — as  bones  of  the  Elephas  primigenius,  Rhinoceros,  Sus  Scrofa^  Equus, 
Cervfin,  Bos,  Ursits,  I/i/eciia,  Felis  Tigris  or  Leo,  Lajftm,  Cants  Vulpet,  and  some 
smalier  Carnivora.  besides  these  buucj,  there  were  iKe  remains  of  marine  fauiia-^ 
abundance  of  dorsal  spines  of  some  species  of  ray  probably :  these  varied  in  length 
from      inch  to  2  inches;  and  other  portions  of  fish  skeletons. 

The  larger  bones  showed  the  same  marks  of  gnawing  described  in  the  '  Reliquiee 
DilnviauB*  of  Uuekland.  Some  of  them  exhibit  down  the  edges  impressions  of  the 
teeth  of  a  Rodent,  probably  a  rat.  The  nearer  these  bones  lay  to  the  surface  of  the 
red  water -^vaslied  loam  in  which  they  were  imbcfMcil,  t]»e  lighter  they  were,  and  more 
nearly  approaching  in  every  respect  the  condition  of  exposed  bones  of  recent  existing 
animals ;  radeed  many  on  the  surface  were  sheep's  bones ;  but  some  on  high  ledges 
the  cave  were  in  the  same  ponderous  state  as  those  below,  which  is  usually  called 
fossil.  At  thi>^  time  <^eology  had  not  so  far  progressed  as  to  suggest  the  possibility 
of  human  reinauks>,  which  therefore,  if  present,  were  not  ubservcd. 

The  condition  of  the  cave  in  general,  and  the  situation  of  some  of  the  bones  in 
particular,  suggested  nothing  of  the  probability  of  this  being  a  den  of  hytcna?,  by  whom 
the  bones  had  been  conveyed  into  its  recesses,  but  quite  the  contrary.  Hyatius'  bones 
lay  about  precisely  in  the  same  condition  as  the  rest :  the  whole  seemed  to  have  been 
forcibly  driven  into  the  cavern  b;^  the  action  of  water;  and  some  of  the  bones,  par- 
ticularly a  I.irc'r^  iilna,  10^  inches  m  diameter,  were  wedged  firmly  into  fissures^  just 
as  pieces  of  drift  wreck  are  observed  to  be  on  rocky  coasts. 

It  is  assumed  in  the  'Reliqnise  Diluvianas '  that  the  presenee  of  hyaena's  dung  in 
these  caves  decides  this  point ;  but  it  should  be  remembered  that  the  hywna  is  a  bone« 
rather  than  a  flesh-cating  animal,  and  that  consequently  the  coprolitic  balls  nre  px(  «>ed- 
ingly  hard,  being  composed  almost  entirely  of  phosphate  of  lime  j  aud  thai  tiiey  6tand 
the  action  of  water  almost,  if  not  altogether*  as  well  as  the  bones  themselves.  My 
impfeasion  ia  that  the  whole  were  earned  into  the  cave  by  water,  and  that  the  bones 
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were  gnaired  belbrft  th«y  w«rt  daporiltd  Acre.  Moreovw,  if  dtest  Trog lodytas  lblfo«r 

the  h.T!)its  of  their  conveners  in  this  lalitiult^  at  ]irc=;cnt,  they  will  be  foinirl  to  Fcrk 
external,  and  even  distant  placet  for  the  piupusc  indicated.  Badgers,  for  iusUiuce» 
resort  to  the  tame  place  nightly ;  and  the  ground  glitters  with  the  elytra  of  beetles, 
which  at  one  tim«  of  the  year  constitute  their  prindiMl  food.  It  i»  an  ill  bifd  titefc 
fouls  its  n^vn  nest.    The  cleanly  hahit  of  ilnpn,  too,  are  well  known. 

A  brief  notice  will  suffice  to  mark  the  site  uf  the  second  care  for  future  examination. 
Jl  ii  on  the  Mine  eooet-iine,  and  obout  the  eome  tea*level,  but  fbrthet  to  the  tMwmtik. 
jAke  the  former,  its  walU  have  been  removed.  The  floor  was  corered  wA  hOBMi  wMah 
were  s}iovr!K  d  into  the  sea  when  it  was  first  hrokcn  into  by  the  quarrymen. 

Tiie  particulars  of  the  third  cave  will  at  this  time  be  more  interestingi  petiuiipe, 
hoeauM  wilh  tome  of  the  lamt  ttmalnt  of  Gainivora  mentiaoed  above^  fliot-implamenli, 
apparently  of  human  workmanship,  have  been  obtained. 

rhi«!  cfivp  in  situated  on  the  main  latul,  atid  has  a  lar^e  oprn  pntrn?ire  bajf-wny  up 
tho  ciili,  ktjuwn  to  the  inhabitants  by  the  name  of  "the  Huyic.  i  am  not  aware 
that  it  was  examined  with  a  di  finite  purpose  till  about  twenty  years  ago,  when  Major, 
afterwards  Colonel,  Jervis  and  Major  Pug^ett  exbutned  two  so-called  flint  celts,  and  one 
of  metal,  which  were  sent  to  a  museum  in  London.  Lately  a  more  careful  examination 
has  been  made  of  the  eantentt  of  lha  lad  loam  whidi  constitutet  the  floor  of  what  may 
be  called  the  flrst  chamber  of  the  long  winding  passage  of  which  this  cave  consists. 
Teeth  of  the  bear  aiul  byriMui  w(»rf  (liscMvcrcd  in  tiii'^  fl-^posit,  tof^etlier  with  Q  CO  n  s ! u  r 
able  accumulation  of  sheeu,  pigs,  and  other  existing  anintais.  Here  also  are  fish-bones, 
■liaed  with  liMond  ahelk  like  thoee  of  onv  preetnt  eea;  among  them  mmj  ha  naitted 
Patvth,  CardiMtHy  Purpura  tapUlus,  MjftiluM,  Liltorina  liltoreay  and  Natica  moHiU^ 
fern.  Most  of  thc^e  shells  arc  found  also  in  the  rmtfd  beucke*  which  appear  at  diferant 
heishts  ail  round  the  adjacent  coasts. 

Of  tha  fining  of  thaia  cavee  wa  have  poniMf  lonia  aaamples  in  ^  dee)»  haiek 
which  occur  in  water. courses,  nvrr  mountain  limestone,  in  the  iiLijibhinirhootl.  and 
which  receive  the  mud  and  water  ailer  every  glut  of  rain,  for  very  many  years,  wtihout 
becoming  choked  or  full ;  but  something  more  in  the  nature  of  a  flood  would  really 
appear  to  be  neeeoaiy  to  aoeonat  for  iOBie  of  tha  phanoMena. 


On  the  Selection  of  a  Peculiar  Geological  HabikU     iOMe     the  rattt 
British  Plants,   By  the  Rev.  W.  S.  Stmomjm*  MA^  F,G,S, 

The  Rev.  Mr.  Purchns,  who  is  now  cng^ped  on  the  Botany  of  Herefordshire,  has 
divided  the  county  of  Hereford  into  twelve  dt»trict8,  and  Mr.  Symonds  has  been  struck 
bv  the  apparent  eelection  of  a  peculiar  geological  haMtat  by  eoma  of  the  nnar  BiMA 
plants. 

The  Snnwflnnian  plants  appear  to  afibct  the  bands  of  voleanio  aah  that  ara  illtet^ 
atratilicd  with  rocks  of  Snowdon. 
Lftkms  aiieoHa  grows  in  four  botanical  districta  oat  of  llvo  in  Great  Britain  m 

Greenstone;  it  grows  on  Stanner  rocks,  near  Kington,  witli  Sclcrunlfiut  pertnnis. 
Cares  montana  is  only  found  on  the  carboniferous  limestoac.  L<Uk}fnu  Apkac^  hi 
Worcestershire,  affects  the  Keuper  marls  and  sandstones. 

Mr.  SvBMMlds  asks  his  brother  naturalists  especially  to  obwrve  the  flora  of  i$olattd 
iN^  fBcw*  and  do  hioi  tha  fovour  of  forwarding  to  him  tha  leniltof  their  obsenralion. 

On  the  Geohmcal  System  of  the  Central  Saliara  of  Alt/erkt, 
By  Me  Rev*  H.  B.  Tristram,  MJL, 

The  paper,  of  which  a  short  summary  is  appended,  was  compiled  IVom  tha  noCta 

and  observations  made  durintj  a  six  months*  travel  in  the  Sahara.  The  writer  hai  no 
pretensions  to  being  a  geulogibt,  nor  was  geology  the  object  of  his  wanderinsr-'. 

But  as  so  little  is  known  respecting  the  characteristics  of  this  portion  ol  iNortii 
Africa,  he  has  not  hesitated  to  give  the  result  of  his  observations,  m  the  hope  that 
the  attention  of  more  able  and  scientific  naturalists  may  bo  directed  to  so  iatmroetiag 
a  field. 

On  leaving  the  Atlas  evMt,  and  dcMending  its  southern  slopes,  we  soon  come  upon 
the  secondary  rocks,  which  are  the  prevailing  formation  of  the  whole  country  between 
tha  AdM  and  U^^iooat.   This  district  for  about  400  miles  ^tia  south  ia  lookgri 
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4nd  with  mountain-ranges  running  for  the  most  part  in  parallel  lines  north-east  and 
toadi.wetk  The  •outbera  tlopet  of  Uie  AUm  eh^  risa  fhm  A  dvprMtiiM  which  in 

lereral  parts,  especially  to  the  south  of  Tunis,  is  many  feet  below  the  level  of  the 
Mediterranean.  From  this  depression  the  Sahara  is  for  the  most  part  n  system  of  end- 
less terraces,  some  of  which  are  only  a  few  miies  apart,  while  others  are  expanded  into 
|daliia  of  fironi  00  to  100  miles  ia  tndtb,  «nd  whlen»  fo  ikr  as  mj  obeonriMnbi  and  Ilit 
information  I  could  gath  r  fi  f»m  native  caravans  and  a  trustworthy  guide  extended)  fft 
an  unhruken  series  to  within  three  days' journey  of  Timhuctoo,  when  the  traveUarwiU 
ptubiibly  liad  himself  ou  the  northern  watershed  of  the  valley  of  the  Niger. 

As  we  advance,  on  every  stage  is  written  the  record  of  the  retiring  oceata,  #bleh 
gradually,  by  the  elevation  of  it«!  ?nnthprn  *horcs,  was  driven  bark  and  back  to  th6 
northward,  till  the  last  long  inlet  from  the  Gulf  of  Cabes  to  Tuggurt  was  drained  and 
ctanomtcd,  leaving  iti  tfaeM  in  the  Mit  plaint*  and  oceiiiioiiarBMiittilia  of  the  Wed 
Rlur  Mid  Cbott  cl  Melah — the  ancient  Lake  Tritonia. 

There  nri?  several  singular  exceptions  to  the  course  of  the  notlntaia-Kangea  tbovo 
mentioned,  which  are  generally  the  local  causes  of  the  oases. 

Tbtti  at  Lftghoaal  W*  find  eevend  elUptieal  baiine  of  dimintthlng  rfM  piled  oAo  eft 
Another.  The  lowest  and  largest  rests  on  the  flat  surface  of  the  secondary  rock)  whidb 
is  the  base  of  the  whole  Rystrtn.  Several  ;^reat  fissures,  which  pervade  all  these  super** 
imposed  basins,  allow  the  water  to  percolate.  It  then  rests  on  the  impermeable  rock, 
drnniag  through  a  very  thin  etratam  of  gravel  or  eand  into  any  depreMlon%  wkani* 
II  is  ral<^ed  bv  artt^i^^iau  wells,  ami  creates  an  oasii. 

From  the  Subaa  Rous  to  Laghouat,  all  these  ranges  appear  to  belong  to  the  lower 
chalk  loruiatiuu.  Limestone  predominates,  and  forms  the  ridges  of  the  Sahari,  Senalba, 
and  Diellal  mountains.  It  is  of  saccharoid  structure,  and  of  a  variable  colour,  generally 
p-c}  ish  white.  In  rnnny  nf  the  pining  there  is  sandstone,  aometimes  hard,  and  at  other 
times  so  soft  as  to  yield  to  the  pressure  of  the  fingers.  This  sandstone  encloses  nodulee 
iii  flint  of  varieni  eolonn  and  eemi-tcanipaient.  By  disaggregation  theee  becmne  de« 
inehed  ft>om  the  softer  medium  in  which  they  nam  iuHWulHU  At  the  wind  swee|a 
the  sand,  they  form  shingly  beaches  of  pebblee>  BMOy  of  tlieniof  n  fiattgr  •halcadonjTi 
which  is  ex])orted  in  some  quantity  to  Paris. 

The  upper  depoeit  of  Umeeione  U  marked  by  regular  hadi  of  gypsum  of  vm  taltA% 
irhich  are  found  in  every  district  of  dio  Sahara,  but  never  in  Uia  tfurwidiy  fiiniMitioii 
6f  the  Atlas  region. 

South  of  Laghouat,  the  furthest  French  outpost,  we  came  upon  a  shallow  alluvial 
dopoeit  ef  the  very  latest  tertiary  and  dilnvian  tbnnation.  Near  the  monntaine  tbii  ii 

often  composed  of  rolled  pebbles  in  a  limestone  matrix.  On  the  ])!ains  it  is  a  while 
calcareous  rock,  a  sort  of  cruiit,  \-ery  hard  at  the  surface,  but  soft  and  friable  below, 
where  it  is  mixed  with  green  or  guy  clay,  and  encloses  many  crystals  of  gypsum. 

The  diluvian  Ibrmation  may  be  traced  more  or  leis  distinct^*  I  l»elieve,  hetwMd 
all  the  ranges,  even  as  far  north  as  the  Zahrez,  near  Djelfa. 

1  was  particularly  struck  by  the  fact  that  several  of  my  fossil  shells  from  these  super- 
dciat  depoeite  proved  epeeifleally  identical  with  IhMhwater  tertiary  foasili  fiom  tbe 
region  of  the  Black  Sea.  May  not  further  research  nerhapi  reveal,  thai  at  no  Very 
distant  jreolo^ic  epoch  a  vast  chain  of  freshwater  laces,  similar  to  those  of  North 
America  at  the  ]>resent  day,  extended  from  the  plateaux  of  the  western  Sahara  as  far 
as  the  neighbourhood  of  the  Caspian  t 

The  basin  of  the  M'zah  country  ftirtiier  itililo  tlie  aonlh  ittppliad  ma  only  irith  a 
few  fussib,  apparently  miocene. 

In  turning  from  the  M'zah  southwards  to  Waregia,  and  tlience  north-east  towards 
Tnggurt  and  the  Gulf  of  Cabes,  the  geoli^eal  system  appears  to  be  the  same^  bnt  with 
fewer  distinct  littlr-  hnsins,  and  with  more  extensive  diluvial  cIl  po^tsi. 

As  far  as  we  could  trace  them,  the  basins  arc  generally  horizontal  up  to  Biskra  in 
the  north,  and  Gn&a  in  the  east,  or  very  slightly  inclined,  consisting  of  alternating 
beds  of  greennind  (t),  gypsum,  and  elay.  These  beds  extend  almost  widiout  inter> 
ruption,  or  with  very  slight  depressions,  from  Intitude  thirty -one  depree^  north  t4 
thirty-five  de^ees  north,  and  from  longitude  five  degrees  east  to  nine  degrees  east. 

Tne  most  inteteetlng  portion  of  this  distriet  ia  Ae  Wed  E*hlr,  a  long  line  of  depre»» 
sion  sloping  from  the  Touareg  desert,  latitude  thirty  degrees  north,  and  longitude  five 
degrees  east  (circiter),  with  iu  enriace  occasionally  moistened  by  salt  ]ake%  bnl  wilh- 
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out  any  springs  of  frcsli  water,  yet  affording  at  intervals  throughout  its  whole  extent 
a  never-failing  supply  of  sweet  water,  through  artesian  wells  penetrating  the  upper 
limestone.  An  immense  population  it  tnpporied  by  thn  Wed  R'hir,  which  it  for  many 
days'  journey  one  continuous  line  of  oases,  suili  as  E!  Maricr,  Tanicrna,  Tuggurt, 
Temarin,  and  after  a  further  interval,  in  ^vhit•h  its  traces  are  lo?{,  it  reappears  in  the 
oases  of  N'Goussa  and  Waregla,  and  gradually  is  lost  in  the  higltiands  of  the  south. 
But  it  is  probable  that  even  here  the  atwterranean  eonne  of  the  water  can  be  traced, 
and  that  the  Touareg  owe  their  meam  of  iubeietence  to  their  knowledge  of  wdk  on 
fhia  line. 

The  Wed  R'hir  terminates  in  the  Chott  Melr'hir,  a  depression  probably  eighty  feet 
below  the  Mediterranean  sea-level  and  tlic  lowest  point  of  the  whole  Sahara.  This 
basin  extends  eastwards  to  the  Chott  el  Melah  (LakeTritonis),  at  a  greater  elevation, 
hut  yet  scarcely  rising  to  the  sea-level,  from  which  it  is  separated  by  some  thirty  miles 
of  trad-liilb  and  locln. 

Plroeeeding  northwards  of  tlu  Meh  'hir,  we  rapidly  lose  aU  traces  of  thodflnvul 
deposits,  and  come  tipon  the  challc,  chalk-marl,  and  greensand  in  re^ndar  succession, 
dippuig  geueraiiy  southwardtt.  The  three  southernmost  ridges  of  the  Moas  Aures, 
vis.  the  Djebei  Cheeha,  the  Dj.  Kbaddou,  and  Dj.  Amar,  present  ua  with  theee  three 
•tages  of  the  cretaceous  group  in  order. 

Whrti  V.P  advance  to  the  north  of  Biskra,  the  bounclnry  hctwcon  the  Tell  and  the 
eastern  Sahara,  the  mountains  are  composed  of  masses  of  uutnniulue  lunesiune,  with 
bands  of  g3rpsum  and  occasional  interruptions  of  rock-salt,  mixed  with  layers  of  marl. 
One  of  these  nountains  of  roclt-ialt  has  been  described  long  since  by  Dr.  Shaw— 
of  £1  Outaia. 

There  are  many  salt  deposits,  sometimes  masses  of  isolated  rock'Salt,  perfectly  pure, 
of  many  hundred  yards  in  circumference,  aa  at  Hadjera  el  Mchl  (or  Roehers  de  Sd), 

more  frequently  in  the  form  of  layers  or  incrustations  on  t}ip  plains  near  the  Chotts, 
or  beds  of  evaporated  takes.  Some  of  the  isolated  rock-salt  hills  have  been  suggested 
to  have  been  eruptions  of  argillaceoiis  mud,  gypsum,  and  rock-salt  aerosa  the  seooiidaiy 
and  tertiary  deposits. 

In  8\ich  a  cotmtry  as  the  Sal  nri,  we  cannot  ex])f"ct  to  find  much  mineral  wealth, 
beyond  the  salt,  gypsum,  and  natron,  'inhere  is  a  quarry  of  oxide  of  manganese  in  the 
Djebei  Trisgrarine,  traces  of  lignite  and  carbonised  trees  at  Ain  el  Ibel,  and  many  hot 

springs — some  ])urf,  others  strongly  impregnated  willi  chlorine.  The  temperature  of 
one  of  these  I  found  to  he  I2!j'^  Falir.,  of  others  from  75^  t"  9''P  F.ihr.  Jn  one  of  iho 
latter  were  swarms  of  a  little  ii«ih,  CyprinQdon  dupar,  aUo  found  ui  thu  warm  springs 
oflfgypt. 


On  the  Inveriehrate  Fauna  of  the  Lower  Oolites  of  Oxfordshire,  By  J.  F. 
Whiteaves,  F.G,St  Honorary  Member  of  the  Ash  nwkan  Society,  O^^onL 

Although  the  physical  geology  of  the  neighbourhood  of  Oxford  is,  with  some  ex- 
ceptions, tolerably  well  understood,  our  knowledge  of  its  palseontolofy,  especially  of 
the  invertebrate  division  of  the  animal  kingdoni,  is  very  meagre  anotinsatisfactory. 
The  only  exception  I  am  aware  of  is  a  detailed  list  of  the  fossils  of  the  Stoncsfield 
Slate,  in  a  paper  contributed  by  Prof.  Pliillips  to  the  vulume  of"  OJtford  Essays"  for 
J  855,  eiitiiled  "The  Nii;;hbuurliood  of  Oxford  and  its  Geology." 

The  following  brief  sketch  of  the  Invertebrata  obtained  from  the  Great  Oolite, 
Forest  Marble,  and  Cprnbra!*h  (lurinr;:  .several  yeais'  collecting,  must  be  considLred  as 
temporary  only,  nearly  every  day  spent  in  practical  investigation  revealing  fresli 
species,  only  a  very  small  area  having  been  carefully  explored,  and  even  that  small 
area  by  no  means  so  thoroughly  as  one  could  wish.  Hence  the  few  inductions  that 
I  have,  as  it  seems  to  me,  legitimately  dtMlticed  from  facts,  must  be  considtred  as 
approximate  results  only  in  the  present  state  of  our  knowledge.  To  Prof.  Thillips's 
list  of  the  fossils  of  the  Stonesfield  Slate,  I  am  enabled  to  add  twenty-eight  species  of 
MoUiuca ;  these  are, — 

Anunonites  Waterhou««i,  Mor.  and  Lj/e,         Nerita  heDiispberica,  Hotmtr, 
Cerithinm  —  ?  —  miauta,  Awe. 

Natica  cannlimlata?,  Mor.  and  Lyc.  -      eostulata,  Deshayes. 

£ulima  contoiunis, i^er.andXfc.  (castsonly. '  rugoest  Mor,  aad  /jre. 
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Troclnis  si  iritus,  D'Jrchiae. 
Pecten  retiferiu,  AJor.  and  Xjrc. 

'  pevwntttof ,  Gol^im. 
Ilinnites  nhjcctiis,  Phil. 
Placunopsis  radians  i,  Mor,  utd  Lj/e, 

toctalii,  Mer.  wad  Zye* 
Pfcroperna  pypma'a,  Koch  and  AmIht. 
Genrillia  aviculoides Som, 
If odiob  compressa,  Forikek, 
CirdmB  StrieklaiMU,  tf«r.  and  Zyc. 


Opis  lunulatiis,  Sow. 

Aatartc  WUioni,  Mor.  and  Zyc. 

—  tngnlata^  Jfor.  tnd  Ife.  . 

— —  squaniiiln,  D'.irdL 

'     pumiia,  iiow. 
Taneradia  Wevis,  Mor,  and  £ye. 

 curt:nisafa,  P/iilUps. 

Quenstedtia  obiitii,  3/  r.  and  Ljfc,  (joiug.) 
CorbnlA  involata,  UoiJ/. 


We  may  add  al&o,  on  the  authoriw  of  Dr.  Wright,  two  EcbiDoderms,  v'uu  C^peut 
PiaUi,  Klein,  and  Pteudodiadema  ParkimoHi,  Wright 

In  deep  cuttings  on  the  Oxford,  Worcester,  and  Wolverhampton  Railway,  between 
the  Handborough  nnd  Charlbury  stations  (especially  in  two  sections  nrarh  opposite 
the  village  of  StoiU3iield),  the  lower  zone  of  tue  Great  Oolite  in  well  e.xhibiied.  Near 
tiie  Rirtliiigton  station  on  the  Great  Weatern  Railway  several  fine  aections  exposing 
the  upper  zone  of  the  same  formation  may  ho  studied  with  advaiitapr:  fur  detailed 
deachptiona  of  these  beds  see  Hull's  Memoir  on  ilie  Geology  of  the  country  round 
Wooditock.  Up  to  the  present  date  (June,  IHGO),  the  following  is  a  list  of  the  Inver- 
tebrata  procured  from  these  localities. 

Krom  the  lower  zone  in  the  railway  cottioga  nearly  oppoaite  Stoneafield 


Inttn»  expbuiata,  Jtf*€by. 

•       Montlivaltia  trochoides  ? 
Acroaalenia  bemiddaroides,  fFr» 
Bchinebfimt  Woedwaidl^  Wf» 

Cljpeus  Miilleri,  IVr, 

— —  Rhynehondla  oondaiMf  Sm, 

—        o!)sitl('t:i,  Sujr. 

Terebratula  globata  ?,  S(no, 

maxillata,  S&m. 
Ottrea  Sowerbyi,  ^fo^.  and  Lyc. 

subrugulosa,  Mor.  and  X^c. 

—  gregarea,  Som. 

■  .icurainata,  Sow. 

Piacunopsis  socialisy  Mor,  and  Lgc. 
Pecten  lens.  Sow. 

—  Tagans,  Sow. 
QenriUia  acuta,  Sow. 

—  newtp. 

Perna  rogosa,  Mor.  and  Lge» 
Jiima  cardiiformis,  Sow. 
■       dupUcata,  Sow. 
Modiola  imbricata,  Sow, 
Mvtilus  subla:vis,  Sow. 
Area  aemula,  PhiUi§/$. 
Maeiodoa  HirMmciiaia,  ffdnik. 


Trigonla  Moreloid,  lAr.  and  Lyc. 
Cardium  Buckmani,  Mor.  and  Zyc. 
— — >  Stricklandi,  Mor.  and  Lmq, 
Cypricardia  Bathoniea,  D'Ora. 

  iiucidiforTiii':.  Ruenter. 

— —  rostrata,  Sow.  (casts.) 
Attarte  angolata,  Jfor.  and  £ye. 
Cyprina  Loweana,  var.,  .^f  r.  and  L]fC* 
Tancredia  brcris,  Mor,  and  Lj/c, 
^"^^  new  ap. 
Nea;ra  Ibbetsoni,  Morrii, 
MyaciteadilatiM?,PAiA 
Pholadonya  ovnlnm,  JIfer.  and  Lye. 
'       Heraulti,  Jg. 

CyliDdhtes  augulatus  ?,  Mor,  and  L^c* 
Stotnatia  Bnvignieri,  Mor.  and  Ifc* 

Moiiodonta  Labadyei,  D'Archiac. 
Trochus  ibbet«oni,  Mor.  and  X>yc> 
Nerita  rugosa,  Afor.  and  Lyc* 

—  —  costulata,  Dnh. 

—  bemisphierica,  Roem, 
TfaticaMicheVni.  IT  Arch. 
Cheronitzia,  new  sp. 
Necintea  Eudesii,  jDtd. 
«—  Voltzii,  DuL 


From  the  upper  zone,  at  the  Kirllington  railway  station  and  atEnslow  Bridge. — By 
far  the  larger  portion  uf  thi^  asisenibldge  was  obtained  from  the  beds  marked  G.  io 
Flroffeaaor  Phillips's  description  of  the  aection  at  theKirtlington  railway  atation.  Tho 
apeciea  marked  with  an  aateriak  were  procured  from  the  £nalow  Bridge  quarriee. 


Anaharia  orimKtee,  Xeawr, 


• — ^  Miilleri,  WH^, 
Aeroaalenia  hemicidaroides,  Wr, 


Diastopora  ^Blmiana,  M.^ 


BhyochonellA  Qonciiuiai  Sxmo, 


Terdiratala  maxillata,  Sow, 

■  '     digona,  Soxr. 
Piacunopsis  socialia,  Mor.  and  Lyc, 
*Pecten  arcnatus,  Sow. 

 annulatus.  Sow. 

Pteroperoa  cottatula,  Ded. 

emarginata,  Mor,  and  Lyc. 
Gervillia  acuta,  Soxc. 
— —  noaotiai  Dal, 
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Gerrillia  ovata,  Sow. 

cmaiootta.  Mor.  tod  Ly&i 
tinw  enrdiifbtibf I,  ~ 


•Pholadomya  Hrninhi,  Jgnn. 

•  aolitaria,  Mor.  and  Z,jrc. 

Aeteonina  olivaMnnli, 

 bulimojdes,  }for.  tmi  Lft^ 

 parvula,  hoemer. 

tCylindrites  brevti)  JAn,  mi  XfK 
— ^  new  sp. 
BulUt  new  sp. 
Patella  cingulata,  OuU/^. 
Phasiaiu'lla  elegans,  Mor.  and  IfA 
— —  Le/meriei,  D'Arehiac. 
M^nodoMft  LftlMdyei,  JTArekim^ 
Tkt>c1ui8  spiratus,  var.*  I/Archime* 
•^-o  IbbeUoni  ?.  J/or.  Mid  Iffc, 
Nerita  raintita,  iSnm 
r^eriu  heniisphaehca,  Asitur. 
lUaaoiiu  icaU,  Sow, 
— —  new  tp. 
Chetnnitzia,  new  sp. 
EuHma  communia,  3for.  and  I.ft. 
Natica  intermedia,  Mor,  and  Lyc, 

Onitella  rUsoides.  Rvm, 
I  ■  I    uuilineata,  Sow. 
li^erinaea  Eudesii,  DtA 

*         fuiuciilus  ;,  Veti* 
Cerithium,  n^w  sp. 
Aliria  trifida.  PhiUip». 
>     l«vigata,  Mor.  and  Z.jreb 
•Amaonilii  lulMtAtiiMi  Mm  uA  Xyt; 

Until  tiic  publication  uf  tiie  Monograph  on  the  MoUusca  of  the  Great  Oolite  (b/ 
Meaara.  Momt  and  Lveett),  hut  Utile  was  known  veapteting  the  foaaila  of  thia  forma* 
tion.  Tliis  inonograpn>  too,  was  not  so  nmch  an  account  of  English  Great  Oolite 
foasila  in  general,  at  of  a  patticular  assemblage,  restricted  for  the  most  part  to  a 
limited  litM  ifotlii4  Mltiemnliinit»ton*  The  above  lists  of  species  aptiear  to  me 
chiefly  interesting  as  tending  ^IHoiove  the  apparent  isolation  of  the  Mincoinhamptun 
faiinn.  As  m  OloucestetshTre.  ?r>  in  Oxfordshire,  tli(*  Cejihalopodfi  feem  to  be  but 
Sparingly  distributed  iit  the  Orent  Oolite ;  and  but  few  species  ot  canuvorous  (iaste* 
ropods  have  y«t  be«n  ileteeted  in  ttie  same  formation  near  Oxford. 

As  compared  with  the  same  zone  of  life  at  Miiichiiihunipton,  the  upper  beds  of  the 
Oxfordshire  Crreat  Oolite  would  seem  apparently  to  have  been  depotiti-d  in  seas  ot 
greater  depth  and  oi  more  trantjuillity.  Bivalves  ure  communly  tuund  with  the  valves 
united  ana  the  ligament  preserved*  and  large  reef-like  masses  of  coral  are  not  vnftw- 
quent.  In  Oxfordslurc  a  large  proportinii  of  the  Great  Oolite  fassila  rnn^e  upwarAl 
into  the  Forest  Marble  and  Curnbrash,  and  no  inconsiderable  series  occur  even  as  higit 
as  the  -Coralline  Oolite.  Five  species  have  not  previously  been  detected  in  this  for* 
nation,  and  eleven  shells  are  quite  new  to  science.  Frolll  th«  FwatiMtfltll  At  llllj^ 
•nd  Kidlingtoa  I  have  collected  the  folloning  species 


Pinna  cunrata,  Phillipi. 
Modioia  imbricata.  Sow. 
Area  Ptittili  Jfer^  tad  ^ 

— — -  .I'mala,  PkSM^ttt 

CnciiHiCa— 

Kueola  Menkfi,  JleMMr^ 

■        variabilis,  Sow. 
JUmopiia  ooUticus,  D'Arehiae* 
OlHIQni  snbMgoatiait  AAK  and  Jyti 

I        Stricklanm,  A/or.  and  Lr/c. 
« iocertum,  PhiU^  (6de  LgPHt)*. 

*-  ■  ■  new  sp. 

Lneltti  striatula,  Auvign. 

^—  cardioides,  D'Arehiae. 

6ph«fa  Madridi,  Mor.  and  Z.yc. 

CypriCSrdia  ro^trata,  So\p. 

Astsrte  sqtiamuta,  D'Archlat, 
Wiltonit  Mor.  and  Lye. 
*  —  extensa,  PkiUw$. 

Cyprina  Lowe«na,  Mor.  and  Lvf"- 

—  depre&iiuscala,  Mor.  and  Lyc. 

Tancredia,  new  sp. 

Corbula  involtita, 

■■■     new  sp. 

Nesera  Ibbetsoni»  Morrit. 
•Myacites  Scarburgfn^in,  PkUUi^ 
calceifonuis,  FhtUipti 


Anabedft  orbnlites. 


^topoMt  Btrandnea,  PhUtipt, 

Rhyncboaella  ooncinaa.  Sow, 
Terebratula  cardiuoi,  iMn. 

—  var.  bifurcata. 
Ostrea  Sowerbyi,  M&r»  And  J^. 
^  —  acuminata,  Sow, 
Pocten  rigidus,  Sow. 

annulatus,  dtNei 

lens,  Sow. 

arcuatus,  £910. 

pcnonatosi  (7e4fi^ 


Plscunopsls  sociatis,  illbr.  Sftd  I^, 

GerriUia  acuta,  Sow,  * 

Pterapema  cosiatula,  DioL 

Lima  rardiifoniiis,  Sow^ 

-  '  '  duplicate.  Sow, 

Area  nrinnia,  Sow, 

liucula  varia))ili!i,  Sow, 

Leda  lacryma,  Sow. 

Limopsis  ooliticus,  ffArek. 

Trigonia  Moretoni,  A/erw  ini  Ifft 

■  -    costata,  Sow. 

Cardium  Stricklandi,  Mor,  and  Lft* 

Cypricardia  rostrata,  Sow, 

Astarte  interiiaiMai  Iftk 
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Attart*  nktai«i*,  FML 

■  new  «,p. 

Cyprina  ixiweaoA,  Mor.  and  I^c. 
Corbis,  new  gp. 
Tancrodia  tnincata,  Lye. 
Corbula  involuta,  Gold/. 
—  UsemiliitJrorrlt. 

new  ap. 
 new  Bp. 

Pholadomya  acutieosta,  Sow. 
GeillhiuiA  quadHcinctutn,  Gold/iut, 
CeriteUa  acuta,  M&r,  and  Lge. 


Bolima  eomanmia,  Mr.  iid  i0k 
Biwoina  dnpliotta,  Stm, 
— —  lie  vis,  Som, 
 new  sp. 

'NVrita  minuta.  Sow* 
Ikwhus  spiratus,  IfArck, 
—  Ibbetaoni,  Jtfor.  and  £yc. 
Crossostomadiscoideum,  3/or.  and  jCjfC* 
Pagodua  nodosa,  3/or.  and  X^c. 
Patella  cingulata,  QiU^, 
Emargiiuila  scalaris,  Sow, 
CyUttdrites  acntust  ^ir. 
AdMMiiiui  tj>i'm-  Jfor. 


The  •imUarity  between  the  fossila  of  this  group  «nd  those  of  the  Great  OoUtd  is 
Tery  remarkable ;  many  Minchinhampton  fouila  occur  in  it  which,  as  yet,  I  have  been 
nnablc  to  detect  in  the  CJreat  Oolirc  of  this  district.  Tc- t!i  (jf  fi  .lies,  which  are  so 
Itbmidaut  iu  the  Wiltshire  Foreat  Marble,  appetir  to  be  «umewhat  rarti  in  the  tame 
M« itt  OiMiUra.  Tht  Cwnlmiii  tl  Iilip  and  Kidlitogton  Iim  yidded  tti  fliltlHriug 


Cidarit  Budfoidlauii,  IPK  (ylatii  aid 

spines). 
Pedina  Siuithii,  forbfi, 
AcroMleiiiii  hcmiddareldit,  Wr. 

spinnsi,  AgMtiz. 

Stomecbinua  intenuedius,  Agatm  (with 
feptnM  tUMfaed). 

Holpctypn^  depreaans,  Leskc. 
EcbinobriMus  dttnicularis,  Likwvd, 

PUgmm  MUMihi,  Cof/esv. 


Alecto  dichoioma,  Lamx. 
Piattopon  dUnviun*  IfiUMBAv. 
Crioopoct  atmaSiiMt  PJIi%t. 

KhynchonellA  Morleri,  Dot. 

 concinna,  Soip. 

Terebratella  beinispbaerica,  Stm, 
Terebratiila  cardiam,  La$narck* 

intermedia, 

 obovata,  Swc. 

Ostrea  Sowerbji,  A/or.  and  Lgc* 

acuminata,  Aw* 

 costata,  Sow. 

Piacunopsis  aocialis,  Mor.  and  Lge. 
FMlen  vagans, 

I  hemicostatus,  Jtfer*  udX^. 
— —  arcuatus,  Sow. 

m  •■  anniilatii',  Siw. 

«  —  —  pcrsoiialus,  Goi^fu$9. 

Gcnillia  acuta,  Stm, 

ovata,  jSMT* 
_      new  sp. 

daplicatat  Stm. 

gi1)1)o«a,  5otr. 
carduformis,  Sow. 


Lima  inpnaatt  Mm*,  ind  %A 

Mytilus  sublaevis,  Sow. 
Modiola  Sowerbyana,  ^roitn* 

—  «ompressa,  Porihok, 
 Mpariita  ?,  Stw» 

—  aspert.  Sow, 
— — >>  ImDrieitt, 
IJthodomus  itichistis,  PMttlpt. 
Macrodoa  Hinonensis,  D'Arvkkit, 

Mucula  Mciikil,  Rnmn/^^ 

Tanabilis,  Sow. 
Ledi  niMitMiftItt  dM». 

 lacryma,  Sow. 

Trigoma  Bloretonii  Mor*  and  i^e* 

eotlata,  Sow, 

 Goldfiissi,  Ag. 

Cardium  Huckmani,  Mor.  and  Xjfc* 

—  Strickland,  Mor.  and  t§e, 

—  attbti^toniiia,  Jfer.  ind  X^. 

Cypricardia  roitrat*,  jSn».  (casts). 

 Bathonica.%  D'Ori. 

Cyprina  Loweana,  Mon  nod 
Isocardia  minima,  9om. 
Corbula  involuu,  Goi«(f, 

Macneilii*  MorHi, 

new  sp. 
deroomt  — -  ? 
PboUoomya  lyrata  ?,  Sow, 

—  deltoidea,  Sow. 
Myacites  gibbosus.  Sow. 

I        decurtatus,  Phittipt. 

—  sccuriformis,  PhiUqu. 
OteS5lya  peregrins,  Phillipt, 
Patella  cingulata,  Got^fmtk 

Trochus  ? 

Mooodontet  new  sp. 

Chemnitria  variabilis,  Sfor.  andi^. 

Actffiouina  Luidu,  Moms. 


A  careful  study  of  the  fossils  of  the  Oxfordshire  Cortihr.ash  appears  to  me  by  no 
means  favourable  to  thai  theory  of  Professor  Buckman,  that  the  Curabrush  assemblage 
of  foMilfj  on  the  whofoi  more  ftcongly  refemUM  the  liuiiiAof  the  Inferior  thu  diet  of 
the  Ore«l  Oolite. 
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Very  few  of  the  fossils  common  to  both  the  Corabrash  and  Inferior  Oolite  are  not 
ibnnd  in  the  intcrmrtlintf  formation  ;  and  in  (he  above  list  of  Cornbrash  fossiU,  a  largo 
pcr-centage  are  \reli'kuou'n  Great  Oolite  species.  The  great  comparative  rarity  of 
the  Cephalopoda  is  abo  notieeftlile,  both  in  the  Cornbrash  and  Forest  Marble ;  ono 

solitary,  mutilnteil  fragmfnt  of  an  ammointe  in  the  Islip  Cornbrash  is  the  only 
exninplc  of  this  clau  1  have  seen  from  these  two  formations  during  several  yetam 
aciivc  collecting. 


On  the  Intermittent  Sprites  of  t/ie  Chalk  and  OolUe  of  the  Nei^hbourftood  of 
Searharm^JL  £y  Captain  Woodali.,  JI^uL,  F.GJS* 


On  the  Avicula  cunturta  BetU  and  Lower  Ltos  in  Uie  SouUi  of  Etigland. 
By  Tbohas  Wright,  MJ}^  F.R.S£*  and  GJS* 

The  black  ahale^  with  their  intentratified  eaadatoaee  and  bone.beda  whieh  lie  at 

the  base  of  the  Liai^  have  by  one  class  of  obserreia  been  grouped  with  the  Lias,  by 
others  with  the  Trias;  the  author  had  made  a  series  of  observations  on  these  bcdfi, 
where  tbvy  are  exposed  at  Westbury,  Wainlodc,  and  Aust,  on  the  banks  ol  the  Severn; 
and  at  Penartk  and  flTatehet,  on  the  shores  of  the  Bristol  Channel :  in  all  fliese  see- 

tions  he  had  found  Bcvcral  species  of  Concliifcra,  which  are  special  to  the  beds,  as 
Avicuin  contorta,  Portl.,  Pecten  J'alouictuu,  Defr.,  A/yt litis  miuutus,  Ooldf.,  Cardium 
li/icettcnm,  Mcr.f  Lima  /)r<rcur#or,  Quenst.,  Neoschizodus  poslcrus,  Qucn^t.,  Cardiuutf 
•p.,  Cypricardia,  sp.,  yfnomya,  sp.,  with  several  other  small  bivalve  shells  which  he 
was  unable  to  drfrrminr.  He  found  the  same  beds  at  the  base  of  the  Lias  in  War- 
wickshire and  Worcestershire  ;  and  they  have  recently  been  found  in  Staffordshire  by 
Mr.  Howell,  and  several  years  ago  were  dtseoTered  by  General  Portlock  in  Ireland. 
In  Germany  Quenstedt  calls  these  beds  Vorlaufer  det  Lias;  they  are  the  true  lepre- 
scntntivcs  of  the  Vppcv  St.  Cassian  beds  of  German  pcologrsts,  and  the  Kbssener- 
schichten  ot  the  lyruie&e.  Since  they  were  first  described  by  Von  Buch  thirtv 
years  ago,  they  have  formed  the  snhjeet  of  many  intererting  observations  1^  eonti* 
nental  geologists,  although  up  to  this  time  it  has  not  been  settled  whether  they  be1oa|p 
to  the  Trias  or  to  the  Lias.  'J'lie  Concliifcra  found  in  these  beds  in  England  arc  special 
to  them,  and  none  of  the  species  pass  into  the  true  Lias;  whereas  it  has  been  asserted 
by  Sir  Philip  Egerton  and  Professor  Agassis  that  the  species  of  fishes  fonnd  in  the 
Bone-beds  of  Lngland  and  Inland  are  Triassic  fcrm?.  Should  this  statement  hold 
good,  the  evidence  for  the  triassic  character  of  the  Avicula  contorta  scries  will  greatly 
preponderate  over  their  liassic  affinities.  M.  Jules  Martin,  in  an  able  memoir,  '  Pale- 
ontologie  Stratigraphique  de  Tlnfra-Lias  du  Ddpurtentent  de  la  Cdte-d'Or,'  has  exa- 
mined these  beds  in  the  departments  of  C6te  d'Or,  Ilhonr,  Avdceho  and  Iserc,  and  haa 
placed  them  all  as  infra-lia«.  The  absenge  of  the  Bone-bed  from  the  French  deposits, 
aldiotigh  found  in  liuxettiboiiig,  is  romarkahte;  and  therefore  tise  e^dence  affMrded 
by  the  fossil  fishes  is  excluded  from  M,  Martin's  estimate  of  the  Palaeontological  affi* 
nitics  of  these  Infra- Lir>«S!C  deposits. 

Dr.  VV^right  dividca  Him  i^owcr  Lius  into  six  zone^  of  life,  each  characterized  by 
eertmn  species  of  mollusca  which  are  special  to  it ;  these  are — 1st,  the  tone  t/iAm* 
mun'iles  plauorbis ;  2nd,  the  zone  of  Avimonifrs  Biichhindl ;  3rd,  the  zone  Ammo- 
nite$  Turneri ;  4th,  the  zone  oi  Ammonites  obtu$u$;  5th,  the  zone  Ammonites  oxy~ 
nottu;  and  6th,  the  zone  of  Ammomtet  raricomtaitu.  Each  of  the&e  zones  was  sepa- 
rately described,  its  fauna  enumerated,  and  the  localities  where  it  was  developed 

tointcd  out.  The  Lower  Lias  in  the  South  of  EnyJaTul  was  compared  with  tlic  Lo-vcr 
lias  of  VVurtemberg,  and  the  correlations  of  that  formation  in  both  couutties  pointed 
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BOTANY  AND  ZOOLOGY,  incluoino  PHYSIOLOGY. 

Gbnsral. 

On  the  Progress  of  Natural  Science  in  the  United  States  and  Canada. 

PaiLip  P.  Carpbntbr,  B,A,t  Pk,D, 

The  principal  part  of  tbia  communication  waa  devoted  to  an  explanation  of  thd 
principles  nnd  working  of  the  Smithsonian  Institution  at  Washington,  D.C.  ll 
was  founded  "for  the  lucreaae  and  diffusion  of  knowledge  among  men,"  and  was 
not  iwtiieted  m£km  hf  nation  or  **nd  tape."  It  giTea  aid  to  nudenta  in  prose* 
eating  any  bnadi  of  research ;  carries  on  an  extensive  series  of  meteorological 
oWrvations  over  the  North  Americnii  Contiiu  nt ;  directs  the  Natural  History 
obsen'ations  of  the  various  governmental  Kxploriu^  Expeditions  of  the  U.S.  Govern- 
ment ;  superintends  an  intricate  system  of  excnan^  of  books  and  specimens 
between  individuals  or  Societies  in  Europe  or  Anu-nca,  in  conjunction  with  the 
Royal  Society,  iind  with  •special  exemption  from  customs  ;  nnd  gives  to  the  world 
a  large  amount  nf  original  matter  through  the  press.  The  entire  Museum  depart- 
ment of  Uie  United  ^tca  Government^  till  lately  deposited  at  the  Patent  Office, 
is  now  the  property  of  the  iSmitlisonian  Institution,  with  authority  to  nxcbnit^ra 
duplicatea  The  publications  consist  of  three  claaaea — (1)  the  "  Snuihaoniau  Cou- 
tdbutions  to  Knowledge,"  expensive  works  sold  at  cost  price ;  (2)  the  "Miscellaae- 
ous  Collections  of  pamphlets,  which  an  fieely  distributed ;  and  (^8)  an  manual 
volume  of  Iiepfirt'*,  &c.  published  at  riovemmcnt  expense.  In  rep-ulnting-  exchnnges, 
whether  of  books  or  specimens,  the  directors  do  not  reqiur©  a  ^id  pro  guo,  Dut 
simply  a  friendly  reciprocity :  their  first  desire  being  to  make  their  materials  tatfiU 
io  gciencr,  wherever  that  can  beet  be  done*. 

The  Federal  GovernnuMit,  wA]  m  most  of  the  Sovereiirn  States,  have  published 
Reports  on  Geology  and  other  i^rnnchea  of  science,  miuiv  of  which  are  of  tlie  hii^hest 
Talue.  The  ten  quarto  Tolumes  on  the  '  Pacific  Kmlroad,*  abounding  in  pktes. 
contain  n  complete  rimtml-  of  the  Nntnval  History  of  the  great  western  desert?  and 
the  Kocky  Moimtains,  and  may  be  purchased  in  Washington  for  about  The 
Stato  of  Massachusetts  is  giving  liberal  aid  to  Professor  Aga.<siz  in  formincr  a 
magnificent  museum  at  Cambridge  University,  which  will  be  arranged  ge<^Tai))ii' 
cally.  There  is  nh'eady  a  vn;*t  amount  nf  material  Hnot--iih](>  to  -itudents,  and  of 
duplicates  for  exchanges.  The  State  Mu:H>um  at  Aibuuy  is  under  the  direction  of 
the  Beffents  of  the  University  of  New  York.  They  hare  a  large  number  of  dnpH- 
cate  paloiozoic  fossils,  available  for  exchange.  The  Academy  of  Natural  Science  of 
Philadelphia,  the  Lyceum  of  New  York,  and  the  Natural  History  Society  of  Hn^if  on, 
are  well  known  by  their  publications.  The  Colleges  of  \ale,  Amherst,  and 
Charleston,  8.C.,  have  also  done  good  service  to  science.  In  Canada,  the  Geologi- 
cal Sim  ey  under  Sir  W.  r>opin  is  not  surpn^.ied  by  anv  for  admirable  arrangement. 
The  Natural  History  Societies  both  of  Munti'eol  and  of  Toronto  publish  periodicals. 
In  ^l*Gill  College,  Montreal,  under  Professor  Dawson,  and  in  the  University  of 
1  1  1  onto,  under  Professor  Hincks,  the  study  of  natural  science  is  steadily  increasmg. 
The  importance  of  tlic  nrnfmctic  ob.>iervations  at  Toronto  is  well  known  ;  and  a 
system  of  recording  meteorological  information,  at  the  public  grammar  schools  of 
Csnada  Wes^  is  now  hung  organiied  in  cramexlon  with  the  raiithsonian  Institu- 
tion* 


JRemarks  on  the  Final  Causes  of  the  Sexuality  of  Plants,  wiUi  par/iru/nr  refer' 
ence  to  Mr.  Darwiu'a  Work  '  On  tfie  Origin  of  Species  by  Natural  Selec- 
Han*  By  C.  J.  B.  Da VSrm Tt  UJ).,  LL,D.,  FJLS.y  Professor  of  Botany 
in  tie  JJnhenUy  ef  Oae/hrd^ 

Dr.  Daubeny         by  pointing  out  the  identity  between  the  two  modes  by  which 

the  multiplication  of  plant■^  i.s  brouj^bt  about,  the  very  fame  properties  V  ' ing-  im- 
parted to  the  bud  or  to  the  graft,  as  to  tlie  seed  produced  by  the  ordinary  process 
of  fecundation ;  and  a  new  individual  being  in  either  instance  equally  produced. 

*  All  communicaticmB  to  the  Smithsonian  Institution  should  be  addretised  to  "  JfrofeMor 
Henry,  Secretary  of  the  Smithsonian  InsUtulMn,  Wsshhitglon,  D.a,  U.&A.'* 


J* 
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We  ai«  tlisNAvt  led  to  speculate  aa  to  tlie  final  cause  of  the  ezialamaft  fl  aexual 
orgfuis,  in  plaati^  aa  well  aa  in  tlioee  lower  animala  which  can  be  propagated  hj 

cuttinga. 

One  ua^  no  donb^  may  be  the  diaeendnatlon  of  tbe  species ;  for  many  planta,  if 

propamM  b(f  bnda  iloue,  w  ould  be  in  a  manut-r  confined  ta  a  single  spot.  Another 

seoonaary  uso  is  thn  production  of  fruits  which  ufi'ord  uourishmeut  to  anininls.  A 
thir4  mav  be  to  minister  to  the  gratiiicatiou  gf  the  aeusea  ut  man  b^'  the  beau^ 
^th^  nma  and  oolouia. 

But  tu*  these  <  nds  are  caHv  Answered  in  n  pmall  proportion  of  cases,  we  must 
seek  further  for  the  usee  of  thcor^rnns  in  question ;  and  hence  the  author  suggested, 
that  thev  might  have  been  nrovidud;  in  order  to  prevent  that  unifonuitv  in  the 
aspect  of  Nature  wUcb  wonla  have  piOTeiled  if  plants  had  beox  multipUea  exdi^r 
itvely  by  buds. 

It  is  well  known  that  a  bud  is  a  mere  counterpart  of  the  stock  from  whence  it 

5 rings,  so  that  we  are  alwaya  sure  of  obtaining  the  very  same  description  of  fruit 
'  merely  grafting  the  bnd  or  cutting  of  a  pear  or  a]iple  nee  upon  another  plant  qf 
e  same  species. 

Qp  the  other  hand,  the  seed  never  produces  an  individual  exactly  like  the  plant 
flmn  whidi  it  spnmg,  and  hence  by  the  union  of  the  lexee  in  plants  some  variatloii 
from  the  primitive  type  is  sure  to  nisult. 

"  Dr,  Daubeny  remarKed,  that  if  wo  adopt  in  any  degree  the  views  of  Mr.  Darwin 
with  respect  to  the  origin  of  species  by  natural  selection,  the  creation  of  sexual 
onrans  in  plauts  might  be  r«>frarded  as  intended  to  promote  this  speeiflo  objeet» 
"Wjiilst,  however,  he  gave  his  nssent  to  the  Darwinian  hypothesis,  as  liKcJy  to  aia  us 
in  reducing  the  number  of  existing  species,  he  wished  not  to  be  considered  ns  advQ« 
eating  it  to  the  extent  to  which  the  author  seems  disposed  to  cany  it  He  rather 
desired  to  recommend  to  Naturalists  the  neeeanty  of  further  inquiriei^  in  ovder 
to  f\x  the  limits  within  which  the  doctziuo  proposed  by  Darwin  may  Msist  ua  |p| 
distiu^iuishing  varieties  from  species. 


Br.  Dlaubeny  invited  the  Members  to  visit  an  experimeatal  varden  under  blf 
suporintendenee  in  the  aaighbourhood  of  Oxford,  in  which  he  hia  beeuearrving  en 
some  investigation !4  connected  with  Agiieultural  Oheiuiiliji  tbauativaof  wa|b|i 
hia  proposed  to  ax^l^  on  the  spot. 

Cb«  a  Pkmt  MsoiiAy  m  Fkmt  By  R.  Dowobw. 
Oil  Akt^omai  Formt  of  Fteaiflom  c»rol«iu       Dr.  C«  Damiiu 


On  <Ae  MorpkolcgicfU  Lw*  m  PUmi$,   By  Or.  C.  Duiasuu 


Oto  ll#  stg»po$td  OmmimuiiM  ^fMmnm^  Wkiai, 

Bjf  tkt  Rev.  Pirof«nor  HsNttow,  MjL,  Pdi^S* 

The  author  introduced  lii-i  obsen'ations  by  reading  a  letter  from  Professor 
Wartmann,  of  Oenevn,  who  had  recently  found  that  seeds  might  bo  exposed  to 
a  temperature  of  108^  below  zero  of  Fahn  nheit's  s<'ale,  without  losing  tbe  power 
of  gennination.  Profeeeor  Henslow  had  himself  exposed  seeds  to  tbe  tempe- 
rature of  boiling  water,  and  they  germinated.  The  question  of  how  long  seeds 
would  retain  their  vitality  was  one  of  great  interest ;  and  a  Committee  of  this 
Association  had  reported  on  the  subject,  but  thev  had  not  succeeded  in  jnaking 
seeds  g^w  which  had  hem  kept  more  than  two  centuries.  He  then  showed  thw 
experiment-<  recorded  on  the  growth  of  mummv  wheat  were  not  trustworthy: 
and  especially  noticed  the  ^ase  which  had  been  relied  on  so  much, of  thegrowth of 

mxffmj  wheat  by  Mr,  Tapper  ftom  aatds  >uppli«d  bin  Imp  Sif  CmMv  wilkiiioa. 
He iJtotod to tmaplt  m  mu«My  iibttl wikib b»  brf mM^j  \v§%t/kii gwln : 
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fcy  gtt&a,  wU  frnaA  utkmg  H  two  gf><iw  of  »  WBamii  ^ety  ftem  t|i»      ;  Dmms 

were  perfectly  fresh,  whereas  the  oUien  were  dark-coloured,  with  decided  indi(si^ 
tions  of  decomposition  and  partial  charring.  Upon  inquiry  he  wM  able  to  as(»r« 
tain  that  this  sample  was  a  portion  of  a  large  stodi,  which  had  been  f?Q(Q  % 
etAtwaaih  some  years  previously,  and  had  been  exposed  for  sale  in  the  of  A 
com  merchant  at  Cairo.  There  could  be  no  doubt  an  accidental  admixture  of  ^ 
few  recent  gmm  left  in  the  jaia  ha4  ti^tea  place.  In  4implefl  supplied  by  Q% 
WUkinion  to  tho  late  Bolwrt  Biowv  far  tne  purpow  of  expenmenti  tne  Uttef 
luA  foiqul  in  it  A  few  scmm  of  IncUiin  ooni  1  lie  thought  it  not  at  all  impTobf^U^ 
that  the  sampler  he  had  examined,  nnd  thOie  fnniidMd  fitif  WiU(Uiao%  WWl 
^ve  fonne4  portions  of  the  same  stock. 


On  HI*  iHtiintihn$      Phmt  and  am  Animal,  and  on  a  Fourth  Kimgim 
of  Nature:   Bjf  John  Hooo.  M.A.^  JPJi,Sn  P^L.H^  tff§. 

The  author  stated  the  jjTeat  difliculty  he  hud  long  experienced  when  examining 
some  of  tlu!  simpler  living  beings,  in  defining  the  characters  of  those  prin>^^ 
forms  of  life,  whether  they  belong  to  the  vegetable  or  anima}  kingdom  i  gfi 
eoiuidorad  that  there  may  strictly  be  tw  distinction  in  natiure  between  those  King- 
dom'' ;  nnd  that  life  in  the  lowest  aniiiml,  as  well  as  in  the  simplest  plant,  may 
the  mmf ;  still  that  it  is  n^sessory  to  draw  a  l^ne  of  demarcfttioii  between  thenii  Air 
the  purpose  of  elftarifpng  the  Bumerent  erealnnB  or  mgtaatmB  ezisting  in  the  world. 
Hr,  J.  Ilogg  then  showed  that  ho  hiMli  meve  than  twenty  yeare  demo^sti^ted 
that  loc  omotion,  nlthou^'h  apparently  spnntnneous,  was  no  distinction  of  animdli^t 
|<i^either  could  the  m'^uce  of  iodine  uor  of  starch  Uo  accouu^ni  a  saUsff^twy  t<^t 
«f  vegetohiiiW.  no  the  tour  cihemicfil  olementay  hydrogen,  oMian,  iUti<QgM|,  IHil 
oxygen,  have  Deen  regarded  for  the  same  ol^ecta,  though  without  positive  suooeilf 
imd  even  the  green  eolourino:  matter,  caUed  "chromiue,"  wr  ''chlorophyll"  (onM 
Buppoaed  to  belou)^'  e.\(  lu;>ivt:i^  to  vegetables),  has  been  atiQwii  to  be  likewise  Mi^ 
tent  in  eertftin  of  the  lower  animals.  But  the  authevohMtvod  thil  tho  ^tm^  pnii» 
cinal  characteriatics  of  an  animal  are  undoubtedly  the  muscular  and  nervous  systew^ 
wnich  do  not  exist  in  a  plant,  <ind  which  Prof.  Owen  has  not  ineluded  in  his  4t« 
finitio^s  of  a  plant  and  an  animal  given  in  his  new  work  on  <PaUeQntology,**l 
Mr.  J.  nogg  uwn  referred  to  Linuteu  ^  s  arranj^ement  of  aU  natural  bo4)ea  mlft 
three  kingdomf,  and,  after  quoting  his  definitions  of  T4ipidea,  Vegetf^ia,  and 
Animalia,  s^d  that  they  must  at  this  day  be  accounted  ai  inauflfnent  and  UM 
eonoiae;  and,  onnaideiing  the  ipei^t  extension  «f  aeknw^  both  )•  Saolcwp  md 
Ik)tany,  whi(^  had  taken  place  smce  the  time  of  Linnaaus,  he  i^ttempted  to  ealaigt 
the  dennitions  of  those  three  divisions  of  natural  bodie.s  thus : — Mineral*  are  bodie% 
iMSd,  aggregative,  simple,  pr  component,  having  bulk,  weighty  and  often  regivtM 
feiBBi  hnt  inoiniiicy  inaidninta,  indestruetible  by  death,  inaantient,  and  fflniwiiMli 
live.  Veffeiabks  are  beings,  organic,  living,  nouriahable,  etomachleas,  generative* 
destructible  by  death,  possessing  some  sensibility,  sometimes  motive,  and  some- 
times locomotive  in  their  young  or  seed  atate;  but  inanimate,  insentient,  immus- 
ciUar,  nerveless,  and  mostly  fixed  bv  their  roots.  Animab  are  beings,  org^nifl^ 
living,  nourishable,  havintr  a  stomacn,  generative,  destructible  by  death,  motive, 
•nimatei  sentient^  muscular,  nervous,  and  mostly  ^poutaueousl|^  locomotive 
flometinies  fixed  by  th«r  baeee. 

Further,  as  regards  a  fourth  kingdom  of  Nature,  the  author  having  peniBe4 
X*rof.  Owen's  *  Palicontolog^  ,'  published  this  year,  found  that  he  had  introduceq 
the ''Kingdom  Protozoa,"  and  placed  it  before  the  "Kingdom  Animalia.*' 
nroTod  that  there  were  objections  to  the  term  <* Protozoa,"  which  waa  ftnned  W 
ibreign  naturalist,  and  that  it  could  not  include  those  lower  organisms,  w^hose 
nature  partook  more  of  plants  (Phyta)  than  of  animals  (>foa)  without  creating 
errors ;  and  f^ince  it  appears  to  many  desirable  to  place  those  organic  beings  whic^ 
are  of  a  doubtful  nature  in  a  fourtn  or  an  additional  kingdom,  he  eqggeated  On^ 
under  the  title  of  thf  Primigennl  lvin;rdom, — Itegnum  Primigenum  continena 
Protoctistai  %.  e.  Protophyta  et  l*rotozoa.  This  would  comprise  all  the  lower 
creaturee,  or  the  primary  organic  heittgs — "Protoctista,"  from  «r/MSro(,  Jirat^  aq4 

a  This  entire  paper,  with  tUo  coloured  Diagrasi,  is  puhliahed  in  the  *  Jfidiabaiih  Ijtim 
?lte9|ihi0|ltaml'iFaliii(n«w«iM  ^ 
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HrtoT^  enated,  ftmi^w— both  Protophyto  and  Pkotozoa ;  and  would  also  inclade 

the  SpoTi<rPf  or  Amorphozoa  of  de  Blainville,  nlthoiigh  Mr.  J.  Ilotji^  thongrht 
it  better  to  substitute  for  the  latter  the  name  of  Amorphoctistai  derived  iruiu 
Snop4>ogf  formless,  and  m<rr4,  ereaturet  or  organigim. 

Some  haviiif^  coiiipnri'tl  the  Vofjet^ible  iiiid  AninuU  Kinirdoni^i  to  iico  pyramids, 
which  diverj^-e  l'ro)n  each  otluT  a-"  thoy  a^iccud,  but  are  phiced  on  a  common  Imse^ 
the  author  conceived  that  that  base  might  fairly  represent  the  Primijft'ual  King- 
dom, which  embmces  the  lower  or  prinuuy  oiganimts  <^  both  the  former,  but 
which  are  of  a  doubtful  nature  and  can,  in  some  insteiiOMy  only  be  oonaidezed  as 
having  become  blended  ur  mingled  together. 

An  Booompan  viug  dia^m  \vm  exhibited,  whieh  lepmented  the  two  OTiwnids 
springuigfironitaa  aanie  base :  one,  coloured  yellow,  denoted  the  Vegetable  King- 
dom; the  other  was  tinned  bhie,  and  signified  the  Animal  Kingdom;  wliilst  tho 
base,  common  to  both;  was  coloured  gr^en,  which  was  intended  to  ^how  by  the 
WHOA  of  tiie  two  fbmer  coloun  the  blen^ng  of  the  two  natorea  of  die  lower 
created  beings  comprised  in  the  fourth,  or  Primigenal  Kingdom.  Th<\-ie  p^Tamid3, 
with  their  base,  stood  on  a  foundation  tinged  brown,  thereby  signifying  the  earth 
and  the  Minei'al  Kingdom. 


Oft  Cfte  Nomud  and  Abnormal  Varkuiom  from  an  ammtd       in  PiantOm 

By  M.  T.  Mabtbrs. 

The  prtper  was  illustrated  by  a  laige  number  of  reeent  and  dried  forma  of  mon- 
strous oiants  and  parts  of  plants. 
In  ibis  paper  mere  was  an  attempt  to  show  that  no  definite  Umite  conld  be 

drawn  between  what  are  termed  Variations  and  Monstrosities.  Numerous  instances 
of  extreme  degrees  of  variation  and  of  pol}nnorphism  in  plants,  apparently  depeTiJ- 
ent  on  external  circumstancesi  were  exhibited;  among  them  two  specimeuii  of 
Fkm  stipularis,  theone  taken  fifomaplant  grown  agdiist  a waU, the  other  nom aniant 

of  the  same  species,  tmd  derived  from  tlie  same  original  stock,  but  which  had  been 
trt^ated  as  a  stjiudard.  The  ditVerenccs  in  habit,  size,  form  and  textnrn  of  the  leaves 
aud  other  parts  were  such,  that  had  the  two  specimens  not  been  taks u  from  the 
same  plant,  it  would  have  been  difficult  to  believe  that  they  could  Imve  belonged  to 
snmr^  species.  A!lTi-=ian  was  made  to  the  changes  that  naturally  lakcpln«  r  tint  inr*' 
the  growtli  of  some  plants,  and  to  the  fact  that  a  condition  which  is  imnatural  iu 
one^ant  is  the  common  condition  in  another.  So  fdso  irregularity  of  growth,  aa 
it  is  the  constant  condition  in  some  plants,  and  for  manv  other  reasons,  cannot  be 
considered  an  abnormal  variation.  On  the  other  hand,  Peloria.  or  a  ret  urn  to  typical 
regidai'ity,  can  hardly  be  considered  abuoniial.  Again,  certain  changes  which  are 
physiologically  abnormal  are  not  so  morjihologically.  The  paper  concluded  with  ft 
review  of  the  principal  points  of  distinction  between  variations  aud  malfonnatioilli^ 
axeview  which  showed  that  no  arbitrary  line  could  be  drawn  between  them. 


Om  ike  Structure  of  Fern  Stems.   By  G.  Ogilvie,  MJ). 

The  obiect  of  this  communication  was  to  determine  the  atrangcment  and  rela- 
tions of  tuose  tissues  in  Ferns  commonly  regarded  as  analogous  to  the  vascular  anc^ 

woody  elements  of  the  stems  of  the  higher  plants. 

In  the  case  of  the  former  the  correspondence  may  be  admitted  without  much 
hesitation,  from  the  close  resemblance  of  the  Tascnlar  bundles  of  ferns  to  those  of 
endoo^enou-^  stems  ;  the  fasciculi  in  both  being  imbedded  separately  in  the  general 
parenchyma,  and  each  sumiunded  by  a  layer  of  i^ofl  cambium  tif^ue.  The  peculi- 
arities of  the  Fern  consist  iu  the  polvgoual  form  aud  ladder-like  or  ."calariform 
markings  of  its  elongated  cells  or  vessels,  and  in  the  disposition  of  the  fjuscieuli,  so 
ftH  to  form,  by  their  anastomosis,  the  reticulated  wall  of  a  iiollow  cylinder,  imbedded 
in  the  general  parenchyma  of  the  stem — an  arrangement  which  is  rarely  departed 
from  iu  our  Bntidi  fems,  though  in  PUfiM  oqmHna  we  find  in  addition  two  oroad 
vascular  bands  in  the  central  part  of  the  stem,  and  in  Osmunda  aud  HymewnikjfBum 
we  have  the  netted  cylinder  replaced  bv  a  central  vascular  cord,  as  in  the  Lycopo- 
diacea;.  The  correspondence  of  tlie  Iiard  tissues  to  the  true  stem- wood  of  the 
higher  planta  is  more  open  to  objection,  notwithstanding  the  occashwalreseMbUmce 
In  their  minute  stroctum.  The  so^iMUed  woody  fibrai  of  lenis  are  nevtri  like  those 
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of  the  Phancrogamia,  associated  with  the  vessels  iu  the  same  ftisciculus  or  layer ; 
nor  are  they  ever  aurrouiided  b^-  a  stratum  of  carabiiim  tissue ;  but  lliey  are  merely 
indurated  and  truuformed  portions  of  the  general  parenchyma,  nnd  this  uvea  when, 
03  in  some  species,  they  form  n  sort  of  outer  sheath  to  the  fasciculi.  Its  great 
variability  is  anotlier  point  \\  hich  assimilates  this  element  rather  to  such  aclero- 
genouj  formationfl  of  the  higher  plants  as  nnt-shelb  and  other  husky  tissues^  than 
to  the  proper  wood  of  their  sterns.  In  some  it  occurs  only  as  a  thin  cortical  coatings 
{Po/i/podi'itm,  Lastrea  I'^lSx-Mas,  Aaplenium  FHix-Ftrinitta^  \  in  others  it  constitutes 
the  entire  mass  of  the  rhizome,  except  a  tUiu  :»heath  of  soft  tissue  surrounding  the 
vascular  bundles  (BleehnwHf  Otmunaa,  HymenoplvjUum) ;  while  tiiere  are  Tariona 
intormofliat"'  forms  iu  which  it  occurs  in  the  guise  of  isolated  nodules  or  filaments 
{^Lastrea  tltlatata,  L.  oreopteris)  of  sheaths  to  the  vascular  bundles  (Asplenium),  or  of 
one  or  more  longituduial  tracts  (AUosorm,  Pleris).  [Those  variations  were  illus- 
trated by  mngnitied  sectional  views  of  thirteen  species,  mostly  British.] 

The  true  liomolog-uo  of  the  ?tem-wood  of  the  Phanerogamla  is  to  be  sought,  it 
hm  been  suggested,  in  a  tibroiis  stratum  which  occurs  iu  the  fasciculi  of  some  troa 
feimt,  immediatdy  within  the  cambium  layer;  for  though  these  fibres  have  nothing 
of  a  woody  character,  tmd  are  mostly  repre^tented  in  our  indigenous  species  only  by 
an  outer  series  of  small  and  imperfectly  d«'Vt'lnped  .'icalarithnn  res5cL»,  it  is  tlic 
outer  layer  corresponding  to  them  which  Is  woody  in  the  iasciculi  of  the  endogenous 
atenif  and  in  all  the  cases  its  devehipment  seems  to  ahoir  ihi^  it  aiiMa  Som  a 
pecoliar  txanafiHrmation  of  the  cells  of  the  cambinm  tissue. 


Zoology. 

Oa  ike  Acclimatization  of  Animals,  Birds,  <^c.,  in  the  Umied  J&inffdom* 

By  Fkank  T.  BucfKLAND. 


Remarks  on  the  Respiration  of  the  X//,  Hbranrhiafc  Mollusca.  By  Cutiibert 
CoLLiNOWooD,  M.B.i  F.L,K>.,  i^c,  Professor  oj  Ammai  Rhysioiogy  m 
Quetn'e  CoUege,  Liverpod* 

The  author  described  and  exhibited  drawings  of  a  remarkable  immature  form 

of  Tr'topa  ehtviger,  which  had  led  to  the  observations  he  was  about  to  make, 
more  o!*pecially  on  account  of  the  entire  nbsenee  of  the  branchial  plumes.  He 
cauvaased  the  various  detinitiou^  given  by  autliors  of  the  term  Nudibranchiata, 
and  showed  that,  although  it  might  with  "accuracy  be  applied  to  the  family  Dori- 
did;v,  tlie  /Eolidiil  e  could  not  vritli  propriety  1;..'  cnllrd  \  ndibranchs,  inasmuch  as 
their  pauilho  were  neither  anatomically  nor  morphologically  to  be  regarded  aa 
gills.  These  mollu^ks  all  respired  by  the  whole  surface  of  the  body,  more  or  less ; 
and  the  author  suggested  that  in  tlie  Doridimo  the  appendages  to  the  body  were 
fluppkniontary  to  the  branchial  phinv^;  w  hich,  ns  n  rule,  were  less  developed  in 
them  than  in  the  true  Djrids,  which  were  without  5uch  appendages.  The  fact, 
however,  that  there  wat  no  specialhted  apparatus  for  respiration  in  tiie  iEoUdidae, 
coupled  with  many  analogies  which  that  family  bore  to  animala  mnch  lower  in 
the  scale  of  organisation,  scorned  to  separate  them  much  more  widely  from  tha 
Nudibranchiata  proper  than  was  gonorally  allowed. 


On  the  Nadibranchiale  MoUusra  (f  the  Mersey  ami  Dee,    By  CuthbbRT 
Colli yowooD,  3f./?.,  F.L,S.,3fc,,  Profeaaor  of  Animal  Phj/tioUtgy  in 

Queens  College^  Liverpool, 

The  author  dwelt  partinilarly  upon  the  richness  of  the  estuftri**"  of  the.^e 
rivers  in  this  beautiful  giuup,  and  especially  leforivd  to  soiuii  very  interesting 
forms,  such  as  Doris  depressa,  D.  suhjuudratu,  D,  proxima,  and  JSb/w  Landsbur^hf 
jE'.  ro;fr;»,7  I,  &c.,  which  were  found  in  them.  The  lUD.st  iatorosting  of  all,  however, 
was  Antiopa  hyalina,  a  very  local  specieS|  only  found  at  llilbro  liland;  in  the  Dee^ 
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Wbere  it  was  di.Tovori^d  by  Mr.  Byerley,  and  v-hi^rn  thi"  pr^^^ent  vrnter  had  found  it 
in  tiie  same  rock-pool,  with  its  congener  A.  cnstata.   lie  subuutted  the  IbUowing 

K^cAatogue  of  the  NttHbrandnaUi  of  th«  Mkrmy  and  ikt, 

1.  Doril  iuberculatxu    Mersey  and  Dee  j  commou. 

2.  ^  Jdhfistoiii.   Mersey  and  Dee ;  once  or  twleb. 

8.   Bfoximrt.    Mersey  and  Dee;  common  (nowlieftf  tiie). 

4.  -  Dilameilata.  Mersey  and  Dee;  abundant, 
i.  pilcMft.  Merdey  and  Dee  j  not  uncommon. 
C   t<ub(|iiadlata.  Dee|  cmoe  (the  leoond  kno^li  flpetfttfiii). 

7.   dopressa.    Dee ;  once. 

8.  Pcdj-cera  Leseonii.  Mersey:  occasionaL 

9.  •-^oeellatB.  Heneyaaa  ilee;  oocaaioiud. 

10.  Ancula  cristata.   Merser  and  Bee;  common. 

11.  Tritonitt  Hombergii.    Mersey  and  Dee ;  oceaaiottld. 

13.   piebeia.   Mersey  and  Dee ;  occasiouai. 

IS.  Dendxoiioliia  atboreMeiiB.  MeneyeadBee;  wmmalL 

14.  Doto  conmatfl,    Mersey  and  Dee  j  very  commoo* 

15.  EoIls  papilloma.    Mersey  und  1  )ee  ;  rfminioji. 

16.  coronata.    Mersey  and  Dee ;  coumiou. 

17.  Drummoudi.   Mersey  isd  Dee ;  Tery  coilitiioili 

18.   rufibranchialis.    Mcrsev  and  Dee ;  not 

19.  — —  Landsburgii.    Meisey  and  Dee  :  rare. 

20.  ■  conciuna.    Mersey;  common  ^tlie  &tx:uud  kuuvvn  iucaiity). 

21.  oHTaoea.  Dee  (once  taken). 

22.   aurantiaca.    Mer^^t'v  and  Dee ;  common. 

2S.  — — -  picta.   Mersey  and  Dee ;  not  uncommon* 
Si.  — —  exigua.   Hersey  ^  apparently  rare. 

25.   des|ieett»   Meisey;  common. 

26.  T'nibletonia  pallida.    Mersey  (the  only  ioiown  locality);  TCSJimi. 
^»  Antiopa  cristata.   Dee ;  occa«ional. 

S8b        liyaliiia.  Bee  (the  only  known  locally)  very  raie. 


t}n  Hecnrrmt  Animal  Formj  and  its  Siynijiccnwe  in  Systematic  Zcvfogy. 
CuTiTnr  RT  e Ollingwood,  M.B.,  F.L,tii^  t^c^  Froftuor  of^ Anitmi  Ph^' 

siolvgy  in  Quten's  College,  L,iverpooL 

The  object  of  thia  paper  was  to  call  attention  to  the  frequent  recurrence  of  sihiilat 
fbrms  in  iHdely-separatcd  ^oups  of  the  animal  kingdom;  similaritieay  thertfbiti 
%hich  "nrre  unaccompanied  l)y  honiologiea  of  internal  structure.  These  analogies 
of  form  had  greatly  intlueuced  the  progress  of  classiUcatiou,  by  attracting  the  atten- 
tion of  systematizers,  wliile  as  yet  Btnictuml  homologies  were  imperfectly  under- 
stood ;  wild,  as  a  conseouence,  many  groups  of  animals  had  been  temporarily  located 
in  a  false  position,  sucn  as  bat.*?  and  wuale.s  by  the  ancients,  and  the  Polv/oa  and 
Foraminifera  in  more  modem  times.  These  resemblances  in  form  were  illustrated 
cenerallv  hy  die  classeaofVeTteVratiu  aod  more  especially  by  the  Tarious  orders  of 
yammalia^ — the  Invertebrata  aflbrding,  however,  many  remarkable  examples. 
Since  no  principle  of  gradntion  of  form  would  suiBciently  account  for  these  una- 
logietj,  the  author  had  endeavoured  to  discover  some  other  explanation,  and  hod 
come  to  the  conclusion,  that  the  fact  of  deviations  from  typical  form  being  accom- 
panied by  modifications  of  typical  hahiU,  afforded  the  desired  due.  Example;*  of 
thi«  were  given,  und  the  principle  educed,  that  agreement  of  htihit  and  tconomy  in 
tciiidy  seuurutid  (/roups  is  accompanied  by  similarity  of  form.  '1\\\a  positiuu  was* 
aigued  through  simple  cases  to  the  more  complex,  and  the  conclusion  arrived  at 
that,  where  habits  were  known,  the  explanation  suffie*  d  ;  luul  it  was  only  in  the 
tMQ  of  animals  of  low  orLr.inizaiiun  and  obscure  or  unknown  habits,  that  any  serioaa 
difficulty  arose  in  its  aj^iplication ;  so  that  our  appreciation  of  the  nUwiM^  of  ihait 
similarity  of  form  was  m  diiect  latio  to  our  knowledge  of  their  hahits  and  modes 
•f  lift*  ill  coQduiioo>  by  •  comparisoii  of  the  Polyao*  with  the  Polyps^  it  wm 
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sliown  tliat  Ihe  economy  of  both  wn=;  Ti»'(irly  ul.'iiticiil,  altluiugli  they  possessed 
scarcely  auytliiiig  in  common  except  superticial  character ,  and  this  identity  oi 
babit  was  regwded  as  the  explanation  or  Uieir  remarkable  similarity  of  form. 

This  paper  is  published  (as  read  before  the  Section)  in  the  *  Annals  of  Natural 
History.'  f  or  Vupriist  ISfK)  ;  and  still  more  at  len^h  in  the  volumo  of  ♦  ProcQadill|^ 
of  the  Livurpuul  Literary  and  Philosophical  Society '  for  the  past  Session. 


Dr.  Dauuk:^!'  gave  Bdx  account  of  some  experiments  be  had  performed  on  tba 
aubject  of  Equivocal  Oenexation.   He  deacribeHi  the  apparatus  be  bad  employed, 

and  stated  lhat,  oven  after  vej^e table  raattur  Imd  been  exposed  to  a  temperature 
exceeding  SOiJP  of  Fahr.,  and  had  been  subsequently  brought  into  contact  with 
nothing  but  water  carefully  distilled,  and  with  air  tliut  lincl  beeu  pa^aaed  through 
aulphuric  acid|  indications  of  organic  life  were  discoverable  in  it. 

!>:■  T^iuibony  stattnl  that  Dr.  fiowerbauk  uud  other  geiith-mcn  had  examined  the 
liasiw  iu  which  he  had  performed  his  experimeuta  on  Equivocal  Generation.  No 
animal  lUe  -was  to  be  found,  but  a  few  filaments  of  fbngi  were  visible.  As  tbe 
latter  might  possibly  liaM<  been  dwived  from  the  cork  and  linseed-meal^  as  was 
suggested  by  \)r.  TJowi'i-buuk,  be  proposiul  to  repeat  the  ezpeximent  andes  cixcun- 
stances  which  would  eliminate  these  so!UTi><i  ui  error. 


On  the  JntelU  ciaal  Development  of  Europe,  ronsidtrcd  with  nicrc/uy:  to  i^ie 
views  of  Mr.  Darwin  atul  olherSf  that  tiw  fruyressuyn  of  Oryumsms  is  de- 
termined     Lam,   Bff  Profeasor  Drapbr,  M,D,t  iVei9  YofK 

Tbe  object  of  Ibis  paper  ivaa  to  abowtbat  tbe  adTancement  of  Man  in  dvUisaiiM 
does  not  occur  acddentaUy  or  in  a  fortuitous  manner,  but  is  detenmied  by  im^ 

mutable  law. 

The  author  introduced  his  subject  by  recalling  proofs  of  the  dominion  of  law  in 
tbe  three  great  lines  of  tbe  uumilestation  of  life : — ^first,  in  the  suceesdve  stagea  of 

development  of  every  individual  from  the  earliest  rudiment  to  maturity ;  second| 
in  the  liunibi  rb'^s  orgimic  foniis  miw  living  contemporaneously  with  ni,  and  con- 
stituting the  animal  series  ;  thud,  in  the  orderly  appearance  of  that  giund  succes- 
sion, which  in  the  slow  lapse  of  geological  time  has  emei^cd,  constituting  the  life 
of  the  earth,  showin^r  therefon-  not  only  the  ondenoei^  but  also  pnofiiof  toe  dmai- 
nion  of  law  over  the  world  of  life. 

In  these  three  lines  of  life  he  maintained  that  the  j^jeneral  principle  is  to  ditfer- 
entiate  instinct  from  automat  ism,  and  then  to  dii^rentiate  intelligence  firom  instinet» 
In  man  himself  throe  distinct  instrumental  ner>'Ou.s  mechanisms  exi*t,  nnd  three 
distinct  modes  of  life  are  perceptible,  the  automatic,  thu  instinctivej  the  intelligent* 
They  occur  in  an  epochal  order,  firom  infimcy  through  childhood  to  tbe  more  par- 
feet  state. 

Such  holding  good  for  the  indi^ndiuil,  it  was  then  affirmed  that  it  is  ph^ "iolotri- 
eally  impossible  to  separate  the  individual  from  the  race,  and  that  what  huld^  good 
for  the  one  holds  ^ood  for  the  otiier  too,  and  hence  that  man  is  tbe  Archetype  if 

Society,  and  individual  development  the  model  of  social  progress,  and  that  both  are 
under  the  control  of  immutable  law;  that  a  parallel  exists  between  individual  and 
uaturul  life  iu  this,  that  the  production,  life,  and  death  of  an  organic  particle  iu  the 
person,  answers  to  the  production,  life,  and  death  of  a  person  in  the  nation. 

Turninfi:  from  tlieso  purely  pliysioht^rical  con.-^iderations  to  historical  proof,  and 
selecting  the  only  European  natiou  ^vhich  tliu.^  far  has  offered  a  complete  and  com- 
pleted intellectual  life,  rrofessor  Draper  bhowcd  that  the  characteristics  of  Greek 
mental  development  answer  perfectly  to  those  of  individual  life,  presenting' phUo* 
pophically  five  well-ninrkt  d  ix^v'^  or  pcriod«!,  tbi-  first  being  closed  by  the  opening 
of  Eg}'pt  to  the  lonians ;  the  second,  mcluding  the  Ionian,  Pythagorean,  and  Eleatic 
philosophers,  was  ended  bv  the  criticisms  of  the  Sophists ;  the  third,  embracing  the 
Socratic  and  Platonic,  by  the  doubts  of  the  Sceptics  ;  the  fourth,  ushered  in  bv  the 
Mnopdoninn  expedition  and  adoniod  by  the  splendid  achicTements  of  the  Alex- 
andrian School,  degenerated  into  Neoplatouism  \  and  imbecility  in  the  fifth,  to  which 
the  band  of  Borne  put  an  end.  From  tbe  solutions  of  tbe  rour  great  problems  of 
Greek  pbiloeopbyi  gim  in  each  of  theae  flye  stagea  of  ite  ]ift>  be  ahowed  that  it  H 
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po&«iblc  to  detennliK!  the  hwv  of  (he  variation  of  nrr'f'l:  opinion,  and  to  MtiblullitS 
analogy  with  that  uf  tho  variatious  of  opiniuu  iu  ludiMdiuiI  life. 

Next,  pmsing  to  the  consideration  of  fitiirope  in  the  aggregate,  Profeseor  Dra|ier 
ehowcd  that  it  lm«5  nlr.'ady  in  part  repeated  these  phases  lu  its  intellectual  life. 
It-^  tir.-it  period  clones  with  the  spread  of  the  power  of  Republican  Itonie,  tho  second 
with  the  foimdation  of  C'ou.^tauliuople,  the  third  with  the  Tuiki*h  iuvudiou  of 
Europe ;  we  are  living  in  tht>  fourth.  Detailed  proo&  of  the  con-espondence  of  theee 
jvriod-i  to  tho^e  of  firc.-li  lii'i".  mid  tlnMugh  tliem  to  those  of  imlividual  KB 
given  in  a  work  now  printing  ou  this  subject  by  tho  author  in  America. 

Having  establubed  thb  conelasioOi  Profrasof  Draper  next  briefly  alluded  to'many 
GoUaterul  probleius  or  inquiries.  He  showed  that  tiie  advanoea  of  men  are  due  to 
external  and  not  to  interior  itiHii^n^'es,  and  thnt  in  this  respect  a  nation  is  like  a 
seed,  which  can  only  develope  when  thf  conditions  are  favoui-able,  and  then  only 
in  a  definite  way;  that  the  time  for  psychical  change  corresponds  with  thit  for 
physical,  and  that  a  nation  cannot  advance  except  its  material  condition  bo  touched, 
thfs  having  been  the  ca-e  thi-ouThnnt  all  Eurnpf.  o.^  is  manifested  by  the  diminution 
of  the  blue-eyed  nices  thenMjf ;  iliat  uU  luganiMn  ^,  and  even  man,  are  dependent  for 
their  characteristics,  continuance,  and  life,  ou  the  physical  conditions  under  wfaidi 
they  live;  that  the  rxisfiii;^  apparent  invariability  ])rtsonted  by  the  world  of 
organization  is  the  direct  consequence  of  the  physical  equilibrium  ;  but  that,  if  that 
should  suft'er  modification,  in  an  instant  the  faiaciful  doctrine  of  the  iinmutability 
.of  qpecles  would  be  bmught  to  its  proper  value.  The  oi^nic  world  appears  to  be 
in  repo?e  because  natural  iiiflui  uee«  have  reached  an  equilibrium.  A  marble  may 
i'emaiu  motionless  for  ever  uu  a  level  table,  but  let  the  tabic  be  a  little  inclined^ 
and  the  marUe  will  quickly  nm  oif,  and  so  it  is  with  organisms  in  the  world.  From 
his  work  on  Phyndc^,  published  in  18u6^  he  gave  his  views  in  support  of  the 
doctrine  of  the  transinntHliou  of  fpccie-*,  the  transitional  forms  of  the  animal  and 
also  the  human  typo,  Uio  ^>roductiou  of  new  ethnical  elements  or  nations^  and  the 
laws  of  their  origin,  duraUon  and  death. 


On  tome  Speciment  of  Shells  from  the  Liperpooi  Afuteum,  originally  from 
the  Pathological  Collection  fortncd  bi/  the  late  Mr.  Gaakoin.  SgUl$  ReT« 
H.  H.  HiGGiNs,  M.A.y  Ruinhillf  Liverpoal, 

The  late  ^fr.  Ga-^lcoin  had  in  his  museum  a  sericg  of  specimens,  collected  for  the 
purpose  of  illustrating  the  pathology  of  the  Mollusca,  This  series  was  in  courae  of 
TonuaMon  in  the  yeot^  1836,  from  which  period,  to  the  time  of  his  decease,  M>. 
Gaskoitt  devoted  considerable  attention  to  the  selection,  from  various  sources,  of 
ppecimcns  of  sh»'ll=<  in  any  wi>'e  remarkal)Ie  for  distorted  irrowth,  or  for  tho  repnir 
of  iigiuies  i-eceived  during  the  life  of  tho  animal.    I  am  not  aware  that  Mr.  Gaskoiu 

Sttblished  or  left  in  manuscript  any  aeoount  of  the  leeult  of  his  observations  in  tbii 
epartment  of  Xatui-al  History.  It  is  evident  that  in  any  coio  of  abnormal  growth  a 
second,  and  still  more  n  third  or  a  fourth,  instnneo  of  tno  same  kind  may  afford  a 
fair  ground  fur  a  cijuclusion,  which,  if  based  upon  a  single  instance  only,  '\yoidd  be 
of  little  or  no  value.  The  extensive  character  of  the  series  was  in  this  respect  very 
valimble.  Tu  the  course  of  more  than  twenty  years'  collecting.  Mr.  Gaskoiu  bad 
enriclied  his  pathological  cabinet,  not  only  with  a  groat  variety  of  mended  fractures 
and  distortetl  growths,  but  with  many  duplicates,  sometime**  of  cases  apparently 
altogether  exceptional,  and  likely  to  be  unique.  A  select  series  of  specimens  waa 
theu  exhibited  to  tlu>  Section,  and  r.Muarlc?  wore  made  upon  them,  which  can 
scarcely  be  presented  intelligibly  apart  from  the  specimens  tiiemwlyea. 

NoHce  ofBriHsh  Weli  Shrimps.   By  the  Rev,  A.  R.  HooAK,  M.A. 

'  The  author  exhibited  specimens  of  somt;  remarkable  addition?  not  long  since 

mode  to  our  Uritisli  rrusfnr-.^a.  They  coii>i>ted  of  two  specie?;  ot  Xiphnrcfus  (Fon- 
tanua  and  Kochia/im),  and  the  new  genus  Cranffonyx,  wuh  its  single  .'^pecios  5«4- 
ierraneuB  of  Spence  Bate.  Those  species  have  been  described  and  tigured  in  the 
volume  of  the  '  Natural  History  Ite^Hew  and  Quart^ly  Journal  of  SeiMiee '  for  last 
year  (l^oO  ),  They  are  of  jrreat  interest,  a^  examples  of  a  sii1)terraneftn  Fauna  in 
England,  analogous  to  that  long  known  on  the  Cuntiueut  and  iu  AmericAt  Tha 
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first  established  inslnnce  of  the  occurreiu-e  of  Niphnrpi  in  Eu^liuid,  was  Mr.  West- 
wood's  diflcoverv  at  Maidenhead,  lierkt-hire,  of  a  well  cnntninijip"  ninnliers  of  iV". 
aquilex.  Thej  liave  more  rcceutlv  bteu  obtained  fn'ni  L  oj^ihani  and  \\  nmiinster, 
WOtshirey  and  also  from  Ringwoodt  on  the  borders  of  the  New  Forest,  Hampshire. 
Craugonyx  sithtn-rani  us  liu.s  ocrm'red  ftt  the  two  latter  pljiccp,  Lut  not  at  the  first 
named.  Ntphartfrts  fontanm  is  found  at  both  Corslmm  and  liingwood,  but  with  a 
diflerence  in  the  shope  of  the  gnalhopoda  and  posterior  pleopoda,  animuit  iug  to  apro- 
iMbly  distinct  Tsriety,  if  not  apedes.  'Hi''  form  of  the  g^nathor  lin  or  hande^  ia 
worthy  of  attention,  being  each  armed  with  n  Tnovoalilc  claw  of  lui  fre  j-i/o,  forming 
a  prehensile  organ  of  great  power.  A^/otUanu*  is  also  possessed  of  small,  vellow 
eyes,  which  diatingfaiah  it  in  a  very  marked  way  from  the  aUied  species  {of  the 
genus  Gammana)  found  on  the  Continent.  Every  member  of  the  aubtemiieill 
Fauna  hitherto  found  has  been  destitute  of  eyesight.  Tlio  nioveinents  of  Niphaixri, 
when  kent  in  captivity,  are  interesting  to  observe ;  but  Mr.  I  logan  states  that  ne 
baa  fonna  great  mffictuty  in  preaen  i ng  them  alive.  The  longest  period  during  wbidi 
even  the  strongest  specimens  survived  its  capture  was  three  weeks.  Tlic  average 
tomp»Mntui"o  of  the  water  in  which  Niphargna  and  Cratiffonyx  arc  foiiiid  is  about 
60^  i  aiir.,  and  they  seem  to  propagate  in  recently-formed  wells  a.^  freely  a^  iu  old 
ones.  In  no  caae  have  any  species  of  this  family  been  found*  eitherin  thia  country  or 
abroad,  in  open  wells  or  other  than  artificial  ones, — pumps,  in  fact.  Thf  v  are  found 
at  all  seasons  of  the  year,  but  most  abundantly  towards  the  end  of  the  autumn.  The 
largest  size  known  among  the  English  species  (that  of  JV.  foutanus)  hardly  exceeds 
half  an  inch.  Mr.  Hogan  hoped  that  mon-  t  a  tended  obeervatiooa  would  be  made 
in  Great  Britaui  on  thisinterestintr  family  v'l  frustacfn,  as  their  economy  nnd  stnic- 
ture  are  as  yet  very  imperfectly  known,  and  au  occorate  exomiuatiou  would  be  sure 
to  reward  the  inveatii^tor  with  resulta  at  leaat  aa  iateieating  as  thoea  aboidy 
obtained  legazding  their  allies  by  ('Jontinental  natttialiata. 


Hr.  J.  O.  Jbffbxys  exhibited  aev^al  specimena  of  the  common  wbelk  (Bummm 
tmdatumi)  having  double  opercula;  in  one  instance,  a  second  or  supplementary 

operculum  being  piled  on  the  usual  one  ;  and  in  the  others,  there  being  two  separate 
opercula,  instead  of  one,  iu  each  whelk.  He  adv  erted  briefly  to  the  diflerent  kinds 
of  monsteoeity  which  occur  in  animals  and  plants,  and  said*  be  believed  thia  to  be 

the  first  cn.'^e  of  a  similar  mouslrosity  in  the  MoUusrn.  lie  obsened  that  the 
monstrosity  under  consideration  appearwl  to  be  congenital,  and  not  to  have  arisen 
from  an  accidental  loss  of  the  original  or^au,  bei  uu.se  \\\  some  of  the  s|)ociniens  both 
opercula  were  casea  of  hypertrophy,  and  m  the  others  of  ati-ophy ;  and  he  mentioned 
that  all  the  specimen''  cnnie  from  the  same  j^lace  (Sandgate  In  Kent  ),  showing  a 
repetition,  and  perhaps  an  hereditary  trim8mis.<tiou,  of  the  same  abnormal  ])heno- 
menon ;  and  he  suggested  that  thus  jH^nnunent  varieties  might  in  course  of  time 
be  formed,  and  constitute  what  some  natumlista  would  call  distinct  species."  lie 
oddticod  in  support  of  this  view,  the  c  a-e  (.1*  a  ivver^ed  iii(>iKstro.-itv  or  the  common 
garden  snail  {Iliiix  asjpersa)^  having  been  bred  for  many  years  iu  succession  by  the 
late  M.  d'Orbigny  in  his  garden  at  Rocbelle,  as  well  as  many  instances  of  a 
reversed  form  of  almond  whelk  (Fmuit  antiquum)  having  occurred  in  the  aamo 
localin*^  on  the  coasts  of  England  and  Portiigali  such  bemg  the  normal  form  in 
the  crag. 


»  On  the  Br  Utah  Teredines,  or  Ship-Wormr. 

Bff  J,  G.  Jeffreys,  FJi.S, 

After  ob.«erv in i!iat  his  resrarchea  had  not  been  confined  to  the  British  Tere- 
dines, but  tliot  lie  had  reeeiitly  had  an  opportunity  of  meeting  all  the  French 
naturolistd  who  luul  published  on  the  subject,  as  well  as  of  studying  all  the  access- 
ible collections  and  books,  ho  Ireared  the  matter  first  in  a  zoological  point  of 
view,  and  gave  a  ."ihort  history  of  the  genu^  Teredo,  from  the  time  of  Aristotle  and 
his  pupil  Tneophra>(nM  to  th"  pr<'<»eut  tiuj»' :  espiciwlly  noticing  the  elaborate  mouo- 
p-aph  of  Sellius,  in  17;io,  on  the  Dutch  ship-wonnj  the  valuable  paper  of  Sir 
Bvemrd  Home  and  his  pupil  Sir  Benjamin  Brodie,  iu  1800 ;  and  the  physiological 
eaaays^  Qnatielagesy  in  1840. 
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Tie  showt'd  that  the  Teredo  undergoes  a  series  of  metAnioi-jihosea  ;  the  eggs  being 
developed  into  a  sub-larval  fonn  after  their  exclusion  from  the  ovary,  and  remaining 
in  the  mantle  of  the  jmn-nt  for  sonic  tinio.    In  it.s  second  phase  (or  that  of  proper 
lan'Ji?)  th<^  frv  are  furnisht'd  with  n  pair  of  clo-ii'-fil ting- oval  vah  o-j.  r»'soniMin^;  those 
of  a  C^there,  as  well  as  with  cilia,  a  large  loot,  and  distinct  cyan,  hy  meaud  of  which 
it  swims  mdy  and  with  great  rapidity,  or  creeps,  and  afterwaids  selects  its  fiied 
habitation.  The  larval  state  continues  for  upwards  of  100  houfs,  and  during  that 
period  the  fry  are  capable  of  travon»infr  lon^'  distances,  and  thiw  becoming  stpread 
over  comparatively  wide  areas.  The  metamoruhoiiis  is  not,  however  (aa  Quatre&ges 
asserts),  complete ;  because  the  younpr  shell,  when  fblly  deyeloped,  retains  the  lairal 
Talves.    He  then  discussed  the  different  throries,  as  to  the  method  by  which  the 
Ter^/Zo  perforates  wood,  ^'ivinir  n  prr  foronce  to  that  of  Sellius  and  (^uatrefnges,  which 
may  be  termed  the  theoiy  of  "  suction,  '  aided  by  a  constant  maceration  of  the  wood 
hj  water,  which  is  introduced  into  the  tube  by  the  siphons.   This  pvoceas,  aeooidinf 
to  Qiwtrefages,  is  otfocted  by  an  oriran  which  lie  calls  tlic    rapuchon  c/phalique"  and 
which  is  provided  with  two  jiairs  of  muscles  of  extraordinary  strength.    Mr.  Jeffreys 
was  of  opinion  that  the  foot  of  the  Ttrcdo  was  tin.-  .sob-  instrument  of  perforation. 
Ho  instanced,  in  illustration  of  this  theon-,  the  cases  of  the  common  limpet,  as 
well  as  of  many  bivalve  molluslc^,  Echinus  )it'i(Iu.<i,  and  ntinierous  annelids,  which 
excavate  rocks  to  a  greater  or  leas  depth;  and  he  cited  the  adage  of    (iutta  cavat 
Upidem  non  vi  sed  saepe  cadendo,"  m  oppoaition  to  the  mechanical  theor)*.  The 
Ikredo  bores  either  in  tno  direction  of  the  grain  or  across  it,  according  to  the  kind  of 
wood  and  the  nature  of  the  species  ;  the  Teredo  Xorrff/im  ii^nally  tnKin<r  the  former 
eourae :  every  kind  of  wood  is  indiscriminately"  attacked  by  it.  The  I'eredinM  con- 
atitnte  a  peaceful,  though  not  a  social  eommumty ;  and  ther  have  never  been  Imown 
to  work  into  the  tunnel  of  any  neighbour.  If  they  approach  too  near  to  each  other, 
and  cannot  find  space  enough  in  any  direction  to  continue  their  operations,  they  en- 
doae  the  valves  or  anterior  pai't  of  the  body  in  a  case,  consisting  of  one  or  more  hemi- 
spherical layers  of  dielly  matter.   Sellius  supposed  that  the  TVrMfe  ate  up  the  wood 
which  it  excavated,  and  had  no  other  food  ;  and,  labouring  under  the  idea  that  it 
could  no  longer  sub!*ist  after  bein^'  thus  ^  oluntnrily  shut  up,  he  considert'd  it  to  bo 
the  pink  of  chivalry  and  iionour.  in  preferring  to  coinniit  suicide  rather  thmi  iufiinge 
on  its  neighbour.    In  thin  enclosed  state  the  valyes  often  become  so  much  alteied 
in  fonn,  as  well  as  in  the  relative  proportion  of  their  different  parts,  a'^  not  to  b*' 
•aaily  recognizable  as  belonging  to  the  same  species  ^  and  one  species  (  71  divarkata) 
was  constituted  firom  sperimeos  df  T.  Norveffiea'wladk  had  been  so  defonned.  The 
Ibod  of  the  Teredo  consists  of  minute  aninialcula,  which  arc  brought  within  tbe 
vortex  of  tlic  iidialant  siphon,  and  drawn  into  the  stomach.    The  wood  whicli  lins  i 
been  excavated  also  undergoes  a  kind  of  digestion  during  its  passage  outwards  | 
through  the  long  intestine.  The  animal  has  been  proved  by  Laurent  and  other 
observ-ers  to  be  capable  of  renewing  its  shelly  tube,  and  of  repairing  it  in  any  part. 
It  is  stated  by  Quatrefages  (and  apparently  with  truth )  that  the  sexes  are  separate, 
impregnation  being  eti'ected  in  u  ^iiuilur  luode  to  that  which  takes  place  among 
^palm-trees  and  other  dioecious  plants.   There  appear  to  be  only  five  or  six  males 
in  one  hundred  individuals.    Tne  Tt  rrdo  p'  rf( nates  and  inhabits  sound  wood  only, 
but  an  allied  (/'Yv'fV>A«//a)  ba.s  bi-en  reccntlv  found  to  attack  the  .submarine 

telegraph  cable  betwet-n  this  country  and  Gibraltar  at  a  depth  of  from  sixty  to 
aoTenty  fiithoms,  and  to  have  made  its  way  through  a  thick  wrapper  of  cordau:e  into 
the  gutta  percha  which  covered  tlv  wire.  The  pciK  lration  was  fortunately  di*»- 
covercd  in  time,  and  was  not  deep  enough  to  reach  the  wire,  lie  wave  several 
instances  to  show  the  rapidity  of  its  peiforating  powers, — one  of  them  aaving  been 
supplied  by  Sir  Leopold  M'Olintock  while  he  was  serving  with  the  author's  brother 
in  tne  North  T'acitic. 

Mr.  Jetlreys  traced  the  geographical  distribution  of  the  2eredittes,  and  showed 
ihat  at  least  two  specie^  which  are  now  found  liTing  on  our  own  shores,  occurred  is 
the  post-pleistocenc  period ;  and  he  inferr«'d  from  the  circumstance  of  one  of  these 
species  having  been  found  in  fossil  drift  wood,  that  conditions  similar  to  the  pn'.*ent 
existed  during  that  epoch.    Some  species  inhabit  lixcd  wood,  and  may  be  termed 

ittosalf"  while  others  are  only  found  in  floating  wood,  and  appear  to  be  "  pelagic.*' 
Each  sreoprapbicnl  district  has  its  own  "littoral"  species,  and  the  old  notion  of 
he  ship- worm  (which  Linn«us  justly  called    Caiamita*  ^avwm  ")  having  been  | 
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introduced  into  Europe  £rom  the  ladies  was  contrary  to  fact  as  weU  as  tbeQnr,  be- 
cause  no  "littonl  '*  spedea  belonging  to  trooical  seas  has  eTer  been  Ibtind  lining 

in  tbe  nortbem  hemisphere,  or  vtee  versd.  it  is  true  that  some  species  have  been 
occasionally  impnrtod  into  this  and  other  conn  trios  in  ?hip<?'  bottoms,  and  that 
others  occur  in  wood  which  has  been  wafted  thither  by  the  Gulf  and  otlier  oceanip 
ennente;  bat  the  fonner  eaaee  belong  to  littoral  species,  and  never  sunriTe  tbeir 
removal,  whilt?  tlio  lattt>r  may  h»'  said  to  bo  almost  cosmopolite.  Kvr-ry  specifia  of 
Teredo  h}v*  its  own  peculiar  tube,  valves,  and  pair  fit'  "  pullets,"  the  latter  serving  the 
office  of  opercula,  aiui  by  their  means  the  ammiil  in  aole  at  will  to  close  completely 
the  entntnc>>  or  mouth  of  the  tube,  and  thus  prevent  the  intntrion  of  crustacean 
and  nnnelidan  foes.  The  lenp^th  of  the  tube  is,  of  course,  equal  to  that  of  the 
animal,  which  is  attached  to  it  by  strong  muscles  in  the  palletal  ring,  and  varies 
in  the  diifcrent  species  from  tiiree  inches,  or  even  less,  to  as  many  feet  The  in« 
temal  entrance  or  throat  of  the  tube  Is  also  distinguishable  in  each  species  by  ita 
perulinr  trtuT^verse  laminnp,  and  it  hn.s  frequently  a  longitudinal  siphonal  ridge. 
Muui>tro6ilies  occasionally  occur  iu  ihe  valves  and  pallets ;  and  in  one  instance  the 
pallet-stalk  is  double,  showing  a  partial  ledunda&cy  of  organs,  as  exompUfied  by 
the  author  with  respect  to  the  operculimt  of  the  common  whelk.  More  than  ono 
species  often  inhabit  the  «nme  piece  of  wood ;  and  want  of  sufficient  care  by  natu- 
ralists in  extracting  the  \  aives  with  their  pro|>er  tubes  and  pallets  may  account  in  a 
great  measure  for  tue  eonfusion  which  exists  in  public  and  private  emleetionS)  and 
which  ha-s  thence  found  its  way  into  svstemalic  works.  The  Tercdincx  have  many 
natunil  enemies.  In  the  South  of  Italy,  and  on  the  North  African  coast,  they  are 
esteemed  as  human  food.  In  Great  liritain  and  Ireland,  four  species  occur  in  lixcd 
wood,  and  eleven  others  in  dxiffcwood,  the  latter  being  occasional  Tisitants.  Of 
these,  no  le?.s  than  six  have  never  yet  been  described,  and  two  others  are  now,  for  the 
first  time,  noticed  as  British.  The  number  of  recorded  exotic  species  onl  v  amounts 
to  six  more,  making  a  total  of  twenty-one ;  tut  it  is  probable  that,  when  tne  subject 
has  been  more  investigated,  a  considerable  addition  will  bo  made  to  this  number. 

Mr.  Jeffreys  then  explained  the  distribution  of  the  littoral  species  on  the  phores  of 
Great  Britain  and  Ireland,  and  produced  a  synoptical  list  with  descriptions  of  the 
new  species.  He  believed  all  the  Teredinet  were  marine,  except,  poesimy,  Adanson'a 
Sen^al  species,  and  one  which  had  lately  been  found  in  tne  Kiver  Ganges,  the 
water  of  which  is  froah  for  about  eighteen  hours  out  of  the  twenty-four,  and  brackish 
during  the  rest  of  the  dav;  but  m  a  well-known  exception  of  the  same  kijid  occurs 
hi  a  genus  of  marine  dieUs  (Area)f  and  the  transition  from  fresh  to  hrackisb,  and 
thence  to  salt  water,  is  very  gradual,  such  exceptions  should  not  be  regarded  with 
suspicion  or  .surprise.  He  concluded  this  part  of  the  subject  by  exhioittng  some 
drawings  and  specimens,  and  acknowledging  his  obligations  to  Dr.  Lukis  ana  other 
scientifac  friends. 

He  afterwards  treated  the  subject  in  an  ecmjnniical  point  of  view,  and  remnrlced 
that,  althoiu^h  the  French  Government  had  issued  two  commissions  at  diierent 
tim»i,  and  ma  Dutch  Ghwemment  had  lately  published  tho  iq^rt  of  another  com* 
mission,  which  was  appointed  to  inquire  into  the  mode  of  preventing  tlie  ravagec 
of  the  Teredo  in  the  ship*'  and  harbours  of  t]io>'»  eoimfn%'a,  onr  own  Government 
had  done  nothing.  He  alluded  to  the  numerous  and  various  remedies  which  had 
been  proposed,  miring  the  last  two  or  three  centuries  from  time  to  timey  some  of 
which  were  very  absurd ;  but  ho  wa.4  of  opinion,  from  a  study  of  the  creature's 
habits,  that  th»>  most  eifectual  preventive  would  be  a  siliceous  or  mineral  composi- 
tion, like  iliiii  wliich  has  been  proposed  by  Prof.  Audited  for  coaling  the  decomposing 
atones  of  our  new  Houses  of  Parliament,  or  simply  a  thick  coat  of  tar  or  paint, 
continually  applied,  which  would  not  only  destroy  any  adult  8hip-wonns  th  ^li 
Uviag  in  the  wood,  but  prevent  the  ingress  of  the  fry.  The  Tereih  never  cqm« 
mences  perforation  except  in  the  larval  state*. 

A  Committee  of  the  Association  was  formod,  at  the  suggestion  of  ^fr.  Jeffireyau 
to  inquire  and  report  as  to  the  best  mode  of  pwvantittg  tho  ravages  of  TsTMfe  SUA 
other  animals  in  our  ships  and  harbours. 

*  See  also  Papers  by  ^r.  Jeflireys  on  this  sul^ject  in  the  '  Annals  of  If atural  Qjitoi; ' 
for  -^uj^ust  #nd  October  18G0. 


Digitized  by  Google 


120  REPORT — 1860. 

Dr.  T/ANTTESTKn  called  nttcntion  to  tlio  roniplt-tion  of  llie  firet  part  of  .Mr.  Black- 
wall's  work  ou  British  ijpidcrs,—  a  copy  of  w  hich  he  placed  ou  the  table.  Tho 
work  eontaiiui  twelve  coloured  plates,  and  k  one  of  the  most  complete  monograDha 
hitherto  published  of  tho  class  of  anmials  to  which  it  is  devoted.  It  forms  the  Raj 
Sodety'ft  volume  for  186a 

On  Uie  StaiUlics  of  tJte  Uentny  Fishery.    By  Ciiaules  VV.  Peach. 

On  CSfdippe*   By  John  Pricb»  CheUar» 

I  win  only  remind  my  fellow-naturalista  that  the  Cydippe  (which  has  been,  like 
everything  else,  retarded  by  this  cold  season)  \vn«  ]»retty  abuiidftnt  in  tho  Mersey 
on  tho  lOth  of  June,  and  may  therefore  be  looked  for  confidently  on  tho  coast 
iienceforward. 

In  order  to  enjoy  the  sight  of  this  most  enchanting  Oceanid,  I  advito  tlieni — 

1.  To  provide  toll  glass  jars,  oi^fautc  de  miettXf  the  larp-cst  sizo  of  "  ^fiuiple  bot- 
tles," guUc  transparent,  niui  with  large  mouths.  The  lai^i  can  be  Uikeu  to  the  shoro 
in  a  irame  like  a  cruet  stand  to  hold  several  bottles,  corked  during  tturiage. 

2.  To  catch  the  animals  in  some  cup  or  ladle  laige  enon<rh  to  tnl.p  n]i  a  yill  of 
water  with  them,  to  prevent  damsgo.  Best  of  kU|  in  a  ^  spherical  ladle,  with 
tubular  handle. 

In  either  case,  plunge  it  in  a  fttU  meA  in  aSetmcB  of  the  wimminff  Cjdippe^  io 
tai'e  the  f ruins,  which  easili/  bn  ah. 

3.  To  keen  theui,  when  traniifoiTed  to  their  permanent  lod^iijg^-jar,  glass  or 
"  Ammrwmf  as  eM  as  possible ;  and  never  (except  when  examining  them)  in  a 
>fflight. 

4.  To  watch  minutely  for  tlie  ova  (grey  specks  smaller  thnn  "Xootnucic")  finatinpr 
near  the  surface ;  and  ladle  them  out  (say  with  a  salt-spoon )  m  vimt  interesting 
micxwcopic  objects  before  and  after  hatching. 

5.  To  microscope,  with  a  lotc  power,  (yydippcs  containing  /bo</ ;  cosily  kno^Mi.  a' 
they  are  tmnsnarfnt.  And  if  you  get  the  rtj/At  kind  of  prawn,  they  will  capture 
and  swallow  t/um,  but  not  shrimps. 

6.  If  Beroes  are  to  he  had,  and  C  vdippes  are  **a3  plenty  as  blackberriee»"  le- 
member  that  tlio  luffrr  arc  the  natun^food  of  the  former,  who  will  holt  as  msnj 
as  five,  one  after  the  other. 

7.  By  uniting  the  two  hist  hint«,  my  curious  friends  mny  sof,  by  virtue  of  the 
transparency  of  both  animals,  two  digestions  goin<r  on  (/"r  a  sJiori  time)  at  onoe. 
The  Cydippe  digests  the  prawn,  whilst  the  Beroe  oigeeta  the  Cydippe.  Qu.  /ngee- 
tionf,  Digestion    /ridigestion  ?. 

&  To  remember  that  a  number  of  these  creatures  were  kept  in  the  ''good  old 
iimes"  for  18  weeks,  without  plants,  and  only  changin«r  the  wotor  occasionrdlv; 
that  these  prri'-l -mI  fift»  r  all  by  rnvrr  accident,  and  thai  it  i«  tlif  ph  ann::  duty  of  tiie 
rising  geueruliou  to  keep  them  all  the  year  rvund  under  the  improvid  rcyinie. 

On  Ifttf  AspergiHum  cr  WiOmng-pot  MoUu^, 
By  LovBtL  Rbeve,  FJ^S>^  F*G.S. 

The  A^lteryillum  U  a  siphoned  bivalve  mdlusk  which  ceases  in  an  early  stage  of 
its  existence  to  live  free,  and  while  vet  no  more  than  the  eighth  of  an  inch  in  length, 
sinks  into  the  sand,  or  udiieres  to  hln-il  or  stone,  and  directs  its  calcifviug  functions 
to  the  formation  of  a  compamtively  large  tubular  sfaeath.  Upwaids  the  sheath 
cnlnrjrt's  with  the  growth  of  llif  siphons  for  their  special  prot».'cti(ni ;  downwards 
the  animal  cloj»e8  in  the  sheath  hv  a  difw:  like  the  rose  of  u  watering-pot,  hssun:d  and 
perforated  and  bordered  by  a  frill  of  hmall  tubej*.  The  mantle  of  the  animal,  which 
has  been  observed  unce,  and  only  once,  on  the  phures  of  the  Red  8ea,  enlarges  on 
conmicnriji^'^  its  >lit  iit]i  grtiwlh,  and  a  imndi'  r  of  tcntacL's  are  emitted,  ( i:cli  rorre- 
spondini'  with  a  pcrfomtiou  or  tube  of  the  disc.  I-'requent  distortion  hi  imparted  to 
the  shell,  more  especially  to  the  disc  end  of  it,  the  seat  of  the  moUusk,  according  to 
the  circumstances  of  its  place  of  habitation  ;  and  when  adhering  to  shell  or  stoue 
the  diff  may  bf  «cnm  l  v  nToguiznble.  Shelh  with  the  strength  of  growth  even  of 
^pondylm^  become  distorted  by  their  inability  to  contend  against  tho  outward  press- 
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inv  of  foreipu  bodies.  Shell?',  tluM-eforo,  of  tli*?  (l«'lir!»tr'  mitl  compaia*i\ elv  fiairile 
growth  of  Asf)ergUUtm  would  be  liable  to  extreme  contortion.  AKinryilium  vmjiHi- 
Yerum,  inliabitiiig  the  fhores  of  the  Red  Sea,  Binks  into  the  aaud,  as  niAv  be  seen 
DV  the  particles  of  saml  juhI  shell  d^rin  tbftt  become  agglutinated  to  the  sheath,  to 
tte  depth  of  eight  to  twt- Ivt-  iiiclies  and  more  ;  the  shealh  is  comparatively  straight 
and  symmetrical,  and  the  protruding  end  be<x>med  furbelowod.  A  season  of  rest 
eiuaes,  aaotiier  effort  is  made  to  extend  the  sheMtti,  Imt  the  calcifviii<^  funetioiis 
eitilief  lUtTe  done  thtnr  part,  or  arc  enfeebled.  A  little  is  added  to  tLe  sneatJiy  and 
the  end  is  ag^in  furbelowed ;  and  in  some  specimens  the  procese  has  he^  as  manj 
as  eight  times  repeated. 

In  adherent  soeciee,  onl  v  one  of  which,  A,  Slrarufei,  inhahitin^  the  shores  of 
N.E.  Australia,  lias  bcon  discoverorl,  the  di^c  vcrj  much  pro->.<)e(I  in.  Two  speci- 
mens only  Imvc  been  coUceted,  one  atlixed  to  the  inner  cleft  of  a  musj»el  hinge,  and 
one  attached  to  stone.  The  peculiarity  of  this  form  of  Asperffiilum  in  that  the 
aheath  is  formed  in  a  square,  and  being  iRnrmed,  not  in  sand,  but  free^  is  tortnoua  and 
enveloped  bv  a  slight  perio.-imrum. 

Dr.  Grray  Idas  stated  his  opinion  iu  a  recent  memoir  in  the  '  Proceedings  of  the 
Zoological  Society,'  that  the  sheath  of  A,  Siranffei  is  an  eiJaargement  of  the  primi- 
tive pair  of  valves,  and  that  it  diffexs  in  this  respect  from  the  rest  of  the  Asper^Uku 
I  inaino  to  dissent  from  this  opinion.  Whether  by  a  atr»'t<  h  of  Induction  it  be 
regarded  as  an  enlaigement  of  the  primitive  valves,  or  not,  the  relation  between 
them  I  hold  to  be  the  same  in  the  sand-inhafalting  species,  as  in  the  adherent  species. 
Dr.  Gray  also  draws  a  distinction  between  species  which  have  a  wavy  depres--4ion  iu 
the  sheath  aroimd  the  circumference  of  the  valves,  regarding  tlio  wavy  depression 
as  a  part  of  the  valves,  of  which  only  the  umbones  are  seen.  My  own  view  is  that 
at  the  time  of  the  metamorphosis  of  the  mollusk,  the  valves  are  not  larger  in  any 
species  than  are  defined  by  the  ^innllf  r  mitline.  When  it  is  consid.  ri'd  that  the 
valves  are  di.«^arded  at  this  time,  but  not  entirely,  inasnmch  as  they  arc  appro})riftted 
OS  materiiil  for  a  nucleus  from  which  to  develope  a  sheath,  it  is  only  reasonable  to 
suppose  thnt  tlio  new  sheath  matter  would,  in  some  spedesy  obtain  a  wavy  deposit 
oomsponding  with  the  outline  of  tiie  nucleus. 


JUmarks  on  Uie  Geoyraphical  J^istribution  of  n  ccnt  Terrestrial  VcrtelfruUt* 
By  V.  L.  ScLATEH.  M.A.y  Ph.D.,  Sec.Z.S. 
After  enunciating  the  principles  of  the  distribution  of  organic  beings  according  to 
cert-iiin  laws,  independent  of  the  influences  of  climate  nud  other  exteinal  conditions, 
tliat  of  the  "continuity''  of  generic  aren<',  whiih  unirht.  ns  a  genend  nile,  be 
extended  to  all  natural  groups,  small  and  large,  tiie  author  proceeded  to  point  out 
what  appeared  to  be  the  most  natural  primary  divisions  oi  the  earth's  anHhoe,  as 
dedudDle  firam  a  catcAil  study  of  the  distribution  of  the  terrestrial  vertebrates. 
These  -were : — 

1.  The  Palteui  cUc  liegion,  embratiug  Europe,  Asia  north  of  the  Himalayas,  and  a 
strip  of  Afiica  north  of  the  Atlas. 

2.  The  JEthiopian  Region,  embracing  Africa  inclusive  of  Ma  la:  i  -c  ar,  and  Arabia. 

3.  The  Indian  Region,  uicluding  Soutliern  continental  Asia,  iaumatxa,  Borneo, 
Java,  and  other  islands  down  to  the  Straits  of  Maca-s^or. 

4.  The  AustraJian  Region,  including  New  Guinea  and  adjoining  islands,  Australia, 
New  Zealand,  and  ]'n -ifir  f^^lnads. 

5.  The  Ncarcixc  Region^  including  .^Vmerica  down  to  the  Southern  limits  of  the 
Mexican  Table-land. 

0.  The  Neotrepieal  XeffiMf  induding  the  rest  of  the  New  Worid  and  the  West 
India  Islands. 

These  Regions  were  well  characterized  by  their  rtirikiug  zoological  peculiarities, 
as  diown  by  the  preponderance  of  certain  types  and  the  a&eence  of  otnem  in  each; 

and  by  the  fact  that  many  of  the  familie.'*,  mort;  of  the  gmeia,  nnd  nearly  all  the 
species  found  in  each  were  ns  a  g«Mieral  rule  di.>tluct,  of  which  numerous  examples 
were  given.  These  greater  divi^iioni  of  the  earth's  surface  or  n'gions  w  tic  s-ubdi- 
visibie  into  lesser  aicBS  or  pro%'inces,  chanicterized  by  being  the  abode  of  distinct 
spedes,  which  in  many  cases  repre;"fMile<l  ou"  anittli'-r  in  their  diflVn'ut  loealitios. 
An  inquiry  into  the  pacaoing  of  Uiei»c  laws  of  geographical  distribution  was  then- 
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entered  upon,  and  the  auestioa  asked,  whether  it  was  possible  in  the  present  state 
of  our  knowledge  of  the  subject  to  amre  «t  anr  explanation  of  tiiem.  It  wat 
remarked  that  the  only  hypothesis  yet  ptttforward  which  would  explain  tbeae  la w% 

wa.s  that  of  "  g"enotic  relationship  "  between  species  or  their  de-^ccnt  from  n  common 
aucesiral  form.  It  was  an  acknowledged  fact  that  the  best  uaiuralidls  were  at 
issue  as  to  tiie  precise  limits  between  represratative  species  sad  local  varietifM. 
It  was  generally  allowed  that  the  latter  were  descendants  of  a  common  progenitor, 
and  the  rcaious  given  for  the  belief  in  the  case  of  "  local  varieties  "  might  be  j?hown 
to  be  equally  applicable  to  "  representative  species."  kSpecilic  dili'orcnces  being  onc0 
granted  to  nave  originated  from  natural  causes,  it  would  be  impossible  to  stop  here, 
and  it  must  follow  that  ^^ri-nter  divergences  may  have  resuite4  from  tl|A  Opejn|ti<}n 
of  similiH:  agents  acting  through  longer  periods  of  tiu^e. 


On  tome  PeQuliar  Forms  amongst  the  Micro- TApidopterous  Larva, 

By  H.  T.  Stainton,  F.L.S. 

Jt  is  well  known  that  the  normal  I'oiia  uf  a  Lepidopterous  larva  it»  a  cylii^der,  iiat- 
toned  beneath,  and  slightly  tapering  and  rounded  at  each  end.  To  this,  the  typical 
form  of  a  Lepidopterous  larva,  wc  have  aliiiiifiant  exrt  ptions  in  most  groups;  thus 
we  have  the  woodlouse-shaped  larvaj  aniun^rst  the  butterllies,  and  again  amongst 
the  Bomb^cina ;  and  in  the  latter  group  we  have  also  numerous  instance;!  of  larTie 
adorned  with  humpt  or  large  protuberances  on  several  of  the  segments,  andin  S0|M 
of  the  Noctuni  larv<B  we  ooserve  a  protuberance  on  the  elevi  iitli  segment. 

The  normal  number  of  legs  is  sixteen,  that  is,  aix  true  legs  at^d  ten  prologs ;  but 
two  of  the  Utter  are  wanting  in  soioA  of  tjia  Bombgwiiia  and  in  some  of  too  Noctuins, 
and  in  the  whole  group  of  the  Geometrina  wm.  four  to  six  of  tlio  piolegi  m 
wanting. 

In  the  group  of  the  Torticina  there  are  very  few  deviations  from  the  typical  ibrni 
of  the  Unnra  \  Imt  amongst  the  Tineina  we  find  many  genera  which  give  instanees 
of  very  considerable  deviation  from  the  regular  cylindnc  form. 

Amoni?  the  most  curiouH  forms  in  this  family,  the  lar%'ic  of  the  genus  PAyZfooiw^f* 
may  be  mentioned;  in  these  the  hinder  extremity  is  so  dra^^'n  out  that  it  reminds 
us  of  the  rat- tailed  larvie  amongst  the  Diptera,  though  the  object  of  the  prolonged 
tail  in  the  PhtjUocnisti.t  larvre  is  v<  rv  di Hi  rent.  These  \vLxyrc  are  also  perfectly 
apodal,  and  the  structure  of  the  mouth  is  peculiar:  the  jaws  of  all  other  Lepido- 
pterous larvss  terminate  in  two  sharp-pointed  mandibles;  the  mandibles  of  a  PhyU 
HMnif^w  are  perfectly  blunt  and  rounded,  like  the  points  of  lace-scissofS.  l*he 
reason  of  this  sinjrnlar  formation  is  pretty  evident ;  the  larva)  of  the  genera  Cdeo- 
pkora  and  lAthocoUetUf  which  mine  in  the  interior  of  leaves,  feed  on  the  parenchymal 
which  they  detach  piece  by  piece  by  their  sharp  mandibles  and  swallow ;  but  the 
larvae  of  PhyUocnistis,  though  feeding  beneath  t  he  CUtide  of  the  leaf,  do  not  eat  the 
parench\Tna,  and  a  leaf  eaten  by  one  of  these  larvfp,  if  held  up  to  the  light,  shows 
no  trace  of  the  attacks  of  the  lai'va.  On  what  then  do  they  subsist  i  The  lame 
mine  rather  rapidly  forwards  beneath  the  cotilclef  raising  the  cuttde  from  the  epi- 
dennis,  and  they  apparently  dt'vonr  something  which  they  find  between  the  two, 
which,  as  they  do  not  seem  to  remove  any  solid  matter  of  the  leaf,  must  be  of  a 
juicy  nature.  It  is  no  doubt  essential  to  the  comfort  of  these  larvae  that  the  cuticle 
should  not  rsmain  detm&ed  from  the  part>nchyma  in  those  parts  of  the  leaf  wlddi 
the  larva  has  pa*Jsod  over,  and  accordingly  wc  find  that  the  cuticle  a^:ain  becomes 
attached  to  tlie  parenchyma  immediately  behind  tlie  larva,  and  that  the  cuticle 
may  be  let  down  gradusUj  and  gently  is,  I  believe,  the  cause  of  the  prolonged 
attenuated  tsiL  The  object  of  the  blunt  mandibles,  in  like  manner^  appean  to  be 
to  avoid  any  risk  of  the  fan-n  piercing  tlie  cuticle,  which  by  letting  m  the  extenial 
air  would  probably  be  fatal  to  the  existence  of  the  larva,  as  these  lar\-ie  have  to 
move  their  jaws  in  constant  juxtaposition  to  the  cntid^  which,  in  the  aspen  tree 
(which  is  frequented  by  the  commonest  species  of  the  genus.  P.  mffttsvlln),  is  re- 
markably thin  ;  it  must  b*»  a  great  convenience  to  the  larva  that  the  structure  of  its 
iaws  is  such  that  it  can  eat  its  till  without  any  danger  of  piercing  the  cuticle. 
Sharp-pdntsd  jaws  are  necessary'  to  a  larva  whioh  feeds  on  the  herder  ports  of 
leaves ;  but  to  this,  whioh  onlji  as  it  Wire,  moks  up  the  juioe^  shaip-polntad  java 
are  %uite  unnecessary. 
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If  a  leaf  eaten  bv  this  larva  be  beld  to  the  lipbt  no  symptoms  of  its  fiporations 
will  be  apparent ;  l)ut  if,  instead  of  lioldiiij^  the  leaf  botween  us  and  the  light,  \vc 
look  down  on  it  slantways,  we  shall  perceive  some  slightly  irideacent tracks,  w  hu  h 
have  verv  mucb  the  appearance     tnongli  a  snail  hod  been  rrawliiiii-  across  the  Itinf. 

ADother  peculiarity  of  this  larva  is  that  it  never  moults ;  it»  skin  is  apparently 
of  so  elastic  a  nature,  that  it ^ows  with  the  larva ;  most  larvo)  cast  their  skins  four 
or  fire  times  in  the  course  oitheur  liyei^  but  this  larva  never  once  undergoes  that 
operation.  Besides  thif»,  it  never  sleeps;  most  larvie,  after  enjoying  a  hearty  meal, 
may  be  found  inactive  and  inerti  in  a  position  which  conveys  to  us  precisely  thd 
ides  of  deep,  but  a  I^f^loenuHi  hem  noTor  sleeps,  it  is  always  eating ;  from  ttf 
exclusion  from  the  egg  to  its  being  full-fed,  ni^ht  or  day,  its  Ja^vB  are  perpetually 
at  work.  This  is  not  true  only  of  the  lar\'R  of  P/n/fhrnisti's,  it  ocruiN  throug-hout 
the  extensive  genus  of  Nepticuiu.  1  have  had  abuudaut  opportunitica  oi  observing 
tbese  larvie  tt  all  horns  en  the  day  and  night,  and,  unless  thev  ate  ill  o^ 
they  are  invariably  eating.  Their  jaws  have  owtaudy  solyed  too  pvobl^  <u 
petual  motion. 

Ehreuberg  expreiised  surprise  that  the  Infusorii^,  never  sleep ;  and  Owen,  after 
long  watching  tne  motions  of  the  Polygastrica,  concluded  they  were  generally  of 
the  nature  of  respiratory  acts,  and  not  attempts  to  obtain  food  or  avoid  danrrer.  He 
adds,  "  Very  seldom  can  the^'  bo  construed  a»  Yoluntary,  but  seem  rather  to  be 
automatic ;  Jgovemed  by  the  influence  of  stimuli,  within  or  without  the  body,  not 
folt  but  lemcted  upon  tiie  eoatiactile  fibre  |  and  therafore  aie  motiona  which 
never  tire." 

But  the  motions  of  tbese  small  larva;  are  certainly  not  automatic  j  ypu  frequently 
see  the  larra  turning  its  head  about  from  side  to  side  of  its  mine>  as  t^^otign  (}0^r 
oidering  where  it  should  eat  a  bit  next,  and  immediately  it  has  determined  tlH^t 
point  it  sets  to  work  wiUi  a  teiil,  little  indicative  of  iuToluntaiy  action. 


Oa  the  Effect  of  Temperature  and  Periodicity  on  the  Development  of 
eertttin  Lqnaopiera,   Bif  Dr.  Vbri.orkk»  ef  UtrteM, 

A  Table  was  exhibited  showing  the  period  at  which  the  pupa)  of  the  S^^^mie 

Ligmtri  were  hatched.  From  tliose  tables  it  oppearcd  that  the  great  proportion  of 
the  in?:ect,s  was  produced  in  the  middle  of  .Time,  independent  of  the  state  cf  the 
temperature  of  the  season ;  and  it  appeared  that  iu  coses  where  the  development  of 
the  msects  had  been  retarded  beyond  the  fixed  period  in  one  yi  ar.  they  appeared 
only  during  tle^  limited  period  in  the  snrceedinfr  year.  The  ohs(  r\ ations  had  been 
extended  through  a  number  of  years,  and  had  enabled  l>r.  Verloren  to  establish 
several  other  interesting  physiological  facts  connected  with  the  species  iu  quj^tiou. 


l£r.  Wbstwoob  gaye  an  account  of  an  insect  which,  on  account  of  its  anomalous 

character,  had  been  referred  to  three  different  orders  of  the  class  Insecta,  and  which 
forms  the  pfnns  Aemiropus  of  Curtis,  the  type  Innnp-  the  Fhryganea  ntvea  of  Oliver, 
regarded  iw  Trichopterous  by  Curtis,  aud  as  r»europteroui>  b^  Stephens  :  Mr.  West- 
wood  had  many  years  ago  endeaToured  to  prove  it  to  be  Lepidopterous  from  a  con- 
.sideration  of  the  structure  of  the  perfect  insect  alone.  The  transformations  of  the 
euecies  having,  however,  been  recently  observed  by  Mr.  Brown  of  Burton-upon-Trent, 
t^e  opinion  of  Mr.  Westwood  had  been  fblly  home  out,  as  was  shown  by  a  series  of 
highly  magnified  diagrams  representing  the  details  of  the  insect  and  its  metamor- 
phoses, contrasted  with  tluw  of  the  orders  Trirhojittira,  Tifpidoptera,  and  Koum* 
ptera.    The  genus  appears  to  be  most  nearly  allied  to  the  family  Crambiee. 


On  Mummy  Beetles.    By  J.  O.  Westwood,  F.L.S. 

The  object  of  this  paper  was  to  show  that  no  change  had  taken  ]ihicc  in  the  struc- 
ture and  habits  of  several  species  of  insects  during  the  period  which  had  elapsed 
fiinee  the  fMnbalment  of  the  mummies  buried  in  the  p\Tftmid.'<  of  E>rypt.  A  nnmlx  r 
of  species  of  such  insects  had  been  recorded  by  Latreille  in  the  work  upon  Egypt 
by  M.  Calliand ;  and  Mr.  Westwood  exhibited  species  of  the  genera  Mcrobia  and 
JDermestes  foimd  within  the  bodies  of  mummies  by  Br.  Pettigrew,  and  which  must 
have  found  their  way  into  such  bodies  during  the  prooets  of  embalment  and  before 
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the  iintd  cere-clotLsi  wwt  applied.  These  iusecta  were  uot  fpecitically  distinguish- 
aUe  firom  exutdDg  specice>,  although  of  a  Rtmewhat  paler  colour. 


Oh  a  Lcpidopierout  ParatUe  occurrinp  on  tH  Body  of  the  Fuigora  eandekria. 

Bif  J.  O.  Westwood,  JUji^  F,L,S, 

After  8(niie  general  renmrks  on  parasitl^ni,  the  ftuthor  pivc  a  detailed  occount  of 
(hf>  orouTTpner  of  tlir  Inrvie  of  a  species  of  moth  on  thr  l)o<lv  of  the  firelly  (Ft/fffora 
eandclaria),  for  which  the  name  of  £pipyr(/ps  arwmalu  had  been  proposed  by  Mr. 
Bowrinpr,  dv  whom  €b»  traxufoniuitioi»  of  the  insect  bad  been  obeerred  in  dhina. 
Not  only  wius  tlie  fart  of  the  parasitism  of  the  f-peoies  as  a  L'  }>i(l(>ptt^rou8  insect 
extremely  iuiu?iiiil,  Imt  also  tho  cirrnnistniiro  that  it  was  not  upon  the  lij^ameuts  of 
the  body  that  the  liuva  of  thia  mutli  led.  but  evidently  upon  the  white  waxy  secre- 
tion  ao oonnnon  amongst  the  Ftdgoridft,  ^^  iih  \\  h  tneb abdomeni  are  enveloped, 
TVfi^  quite  nnomnlous,  itltlion^rh  wnx-frt'iliug  habits  were  known  to  occur  in  the 
lorveo  of  the  species  of  w  ax-nioths*.  The  insect  in  question  appeared  to  belong  to 
the  fipreat  iamuy  Borobycidu?,  and  speciniena  were  preserv  ed  in  the  British  Museum 
and  Hopeifta  CcUeetioii  at  Oxford. 


Notn  on  Tomopteris  otiiscirormis.         Dr.  E.  Perceval  Wright, 
Dub.  Oxon^  F.L.S.,  Lecturer  oji  Zoology,  Dublin  Univtrsity, 

In  the  summer  of  1858,  while  investigating  with  Professor  J.  Rt  ny  (trcene  of 
Corky  the  marine  zoology  of  the  south-west  coast  of  Ireland,  1  had  an  opportunity 
of  flomewbat  in  det«l  the  structure  of  that  puzzling  little  annuloee 

animal,  called  Tomopdrts  otmcifarviis.  The  tidal  cufk  nt  .«rl.s  in  a  riy  .«troii;.'ly  from 
the  Atlantic  into  the  jinnow  ontiuiico  between  13<"re  Island  and  tlu-  nuiin  land,  and 
carries  aJong  with  it,  in  the  eunimcr  season,  whole  fleets  of  ocmiiic  swimming 
creatures.  The  niuuber  of  naked-eyed  Mtduso;  and  firee  Actinozoaus  is  almost  pose 
belief  to  ihoso  who  have  not  witnt-s.-^i  d  .-iuiilnr  phcnonir7ia.  ^'nrious  little  bays 
with  hollow  caverns  line  the  sides  of  this  chauuel,  and  in  these  the  water  lies  very 
still  and  quiet ;  here,  too,  vast  numbers  of  the  ocean  swimmers  congrcg-ate,  imparting 
to  the  water  almost  a  milky  hue,  which  sometimes  changes  aiul  presents  an  appear- 
ance OS  if  oil  Imd  beon  ca.st  upon  it,  owing  to  tho  highly  pnsmntir  roIouiin>j:  of  the 
various  Beroe«»,  ./lil<juorea.s,  Cydippes,  kc,  A  retired  nook  of  this  ^oit  is  a  very 
paradise  to  the  marine  explorer,  and  snch  were  to  us  places  of  very  frequent  resort. 
After  a  little  practice,  one's  eve  got  accustomed  to  the  a  aried  kinds  of  locomotion 
that  distinpfinshed  more  or  less  each  species,  so  that  when  I  first  prrr«  iv* d  T. 
onUciformis  swimming  swiftly  with  its  very  peeidiar  wriggling  movements, small  as 
it  was,  I  perceived  it  to  be  something  new';  and  a  few  seconds  serred  to  transfer  it 
to  a  glass  collect in;j:-)ar.  "Wliilo  the  whole  body  wa.s  nioro  or  Irss  eni))loy(d,  by 
successive  vrri^r^^liugs,  in  locomotion,  yet  it  was  quite  obvious  that  true  locomotion 
was  assisted  by  the  bipinnatcd  series  of  paddlc-snaped  organs  A\  luch  arc  attached 
9}k  each  ride  of  the  body.  When  compared  with  the  graceful  iloatuig  and  nmbiella 
moTcments  of  an  yKquoren,  or  fho  hcndlong  paddlc-whcd-lilip  niovrnicnts  of  a 
Beroe  or  a  C^dip^C|  it  could  uot  bo  truthfully  deschbcd  as  graceful ;  nevertheless, 
there  waa  scnnetlimg  about  it  vei^  cbaractenstic---soniething  that  even  seemed  to 
point  out  its  proper  natural  affinities.  One  of  the  little  creatures  lived  in  apparently 
good  hosJth  with  me  for  nhoiit  twelve  hoiir-»,  thou^Oj  incniTeratrd  in  n  small  glass 

Iar  holding  but  ten  ounces  of  water ;  and  it  \>  oidtl  have  probably  lived  longer,  but 
'.  wanted  ita  tail  for  examination,  and  the  necessary  compression  of  such  an  agile 
and  slippery  creature  Vtetwren  two  pii  ce.H  of  thin  glass  Iiastenc  d  It-:  (n,|.  'J'he 
author  tnen  alluded  to  the  paper.-?  by  Dr.  Caii)cnter,  Mo.=srs.  Leuckart  and  i*ngen- 
stecher  and  others  on  this  creature,  and  gave  on  outline  of  it^  anatomy,  idluding  to 
the  presence  of  cilia  on  the  pharvngeal  portion,  to  tiie  neculiar  structure  of  the 
central  portion  of  the  nntenna-liko  organ?,  to  th<>  tnil-liKe  rxtreTnity.  and  thij 
presenco  therein  of  nuisses  of  Spanuat02oa;  and  linally  expressed  his  conviction 
that  there  coiUd  be  no  doubt  as  to  its  being  a  complete  creaturei  and  that  ita  tail 
ia  not  a  sooid  fonn,  as  hinted  by  Dr.  Carpenter. 
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Oil  ike  UUimaie  Arrangement  of  Nerves  in  Muscular  Tinw* 
i^y  Professor  Be  ale,  FM»S» 


On      Lcptocoplialidai.    By  Professor  V.  Carls,  Ldpzii^, 

Dr.  Kaup  places  the  Euiopeaa  hpecios  of  i]xi&  highly  interestiug  family  in  four 
generic  gToiip.->, — B&tmeulHs,  Jlt/oproriM,  T^uruSf  and  i^^HwxnhmSfm,  it  strikM  at 
first,  totind  amcngBt  tho  Anuaul  tithes  n  form  with  well-OByelopAd  venbralfins, 
viz.  Esttnculus.  siinilsr  to  the  r  mily  in  its  transipRivncy,  anil  m  wnntin"^  the 
generative  orgiiusi  dilferiug  from  thetu  ako  iu  the  distmctuc^  of  tho  dorsal  aud  aual. 
Among  the  rest  there  are  two  weU-establuhed  genera,  T^lurm  with  its  haii^Uka 
tail*  and  Leptocephutus.  According  to  Dr.  Kaiip,  Tilunts  contains  two  species,  tri- 
chiunts  7^''.^(>^,  but  both  are  probably  tlie  saiiio,  a>t  Rmoi\s  most  likely  founded 
on  a  mimlak'd  specimen.  The  chief  character  is  taken  from  the  tail  here  being 
ahorter;  Dr.  Kaup  add:},  however,  hiniBilf,  perhaps  defeetire  in  the  taiL"  The 
spi'citvs  of  th.'  ;^'.'nu3  Leptoctphitlii.i  arp  to  Ij.'  cla-jsed  in  two  n-roupa ;  the  type  of  the 
hKJt  is  L.  Morrisii,  that  of  the  utlitn-  is  Melmicldhys  diuplutnus  of  Ualinesque.  The 
former  have  the  body  compressed,  the  latter  rounder,  eiurth-wormlike  body.  L.  Mor^ 
rim  and  L.  l^aUansanii  differ  only  by  the  height  of  the  former,  upon  which 
argument  one  cnnnot  lay  nmch  fstrt'sf ,     «*xnct  mfn.^iiromonts  of  mauy  ludividuals 

K've  very  considerable  diti'eroucc^  iu  the  relative  height  and  length  of  the  whole 
idy,  as  well  as  of  the  head  and  the  other  parts.  The  species  of  the  second  group, 
L.pmdatus,  <!iapliaim$f  JSSBikeri,  (^!(yrnhtturifBStrimif  and  TarrcUi,  are  representa- 
tive? of  at  most  two  species,  ptmctalits  and  diaphamts.  The  chief  distinction  is 
taken  from  the  relative  position  of  the  intestinal  outlet  I  did  not  tind  in  two 
specimens  out  of  some  dozens  the  same  pontion  of  this  orifice ;  nor  are  the  row  of 
luack  points,  which  characterize  the  L.  punctafus,  always  8o  wt  ll  devoloped,  that 
they  could  he  tnlvon  as  a  ffood  chamctor.  HoAvever,  the  habits  dili'er  in  some  respect 
froni  that  of  the  rest.  £.  longirostrU  reminds  of  Jlyoprorm ;  the  latter  is  probably 
nothing  but  a  further  developed  or  an  earlier  form  of  the  L.  longirostris,  L.  stcnopi, 
and  L.  brenrosfn's :  the  two  lost  Knrnpean  species  of  Dr.  Knup's  S^^lopsis  I  know 
only  by  his  tigure.'^,  but  I  am  very  much  inclined  to  believe  that  they  are  to  be 
judQ^ed  like  tlie  others. 

Taking  together  the  anatomi(Ml  structure  of  the  whole  group,  the  absence  of 
ncrativc  nrg.in(<,tho  structure  (A'  tlnirskiu.  Ilioirskull,  their  vertebral  coluTnTi,  taking* 
furtkcrniora  into  consideration  the  variability  of  both  the  zoological  characters  and 
the  proportional  measurements,  I  cannot  but  come  to  the  oondusion  that  ill  these 
fishes  are  nothing  but  farrul  forms  of  others.  The  developed  fuU-^own  species  to 
which  nil  of  them,  except  the  TUiDwiilm  Coshii,  Ix'lonp:.  are  most  likely  among  the 
Uphidiatis,  or  other  compressed  fornti  {^Cepoia,  and  no  on}.  Although  1  am  not  yet 
able  to  state  with  certainty  what  species  or  oven  genem  are  to  bo  studied  in  their 
development  as  giving  Iveptocephalideous  larvro,  yet  I  feel  quite  sure  that  the 
family  under  consideration  will  ore  loiip^  be  erased  from  the  Svatema  Natune,  just 
as  the  Ammococtes  has  bjen  excluded  from  the  bonelit  of  being  reckoned  a  full- 
grown  member  of  the  Animal  family. 

On  (he  Value  if^'  Development "  in  St/stemattc  Zoohgy  and  AnimcU 
Morphology.    Mtj  Professor  V.  Carus,  Leipzig. 

Althnngli  there  mny  He  fomr»  who  will  oliji-c'  to  ^w\  Ijiliiging  fonvard  a  topic  of 
general  bearing,  aud  who  would  prefer  to  have  tilalcd  souio  special  iacta  and  details 
new  to  science,  yet  t  think  that  meetings  of  this  kind  afl^ra  ^e  best  opportunity 
of  clearing  up,  or  at  least  recalling  to  mind,  questions  which  we  are  all  familiar  with, 
the  tni''  ))'  !u-in<r  of  which,  lunvover,  we  are  very  apt  tolosesi^ht  of.  Since  Cin  ier 
hiid  tlic  touudaiion-stone  of  uur  modern  clas.siti cation  of  animals,  there  has  been 
within  the  last  thirty-three  years  much  labour  bestowed  upon  uie  mending  his 
sy.sliMu,  and  lookin;i-  fvir  new  characters  by  which  hi.s  clas.so.s  and  orders  may  bo 
either  altered  and  arrf\TiLr"d  in  a  sonic'what  different  manner,  f»r  still  belter  founded. 
Howeveri  we  look  up  lu  him  not  only  a^  the  reformer  of  the  ciasdiiicatory  branch  of 
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zoology,  but  moreover  as  tlio  founder  of  the  natural  ajratem  aad  of  the  sciouce  of 
comparative  anntomy. 

A-*  I  intend  to  inquire  into  the  value  of  one  of  the  most  strikiri^'  character.-*  of 
auinials  with  regard  to  their  classification,  as  well  a«to  their  typical  organization.  1 
may  he  allowed  to  state,  first,  what  is  meant  hy  a  Syatema  Auimalium,  or  in  other 
voixl^,  what  place  the  claaetfleatton  of  aniinalw  takes  among  the  branches  of  zoolo- 
gical inquiiy. 

We  nrn  fcarcoly  aware  that  wo  use  the  word  syj^tora  of  animala  in  quite  n  differ- 
ent sense  from  that  in  which  LiunsBua  used  it,  and  which  was  intended  even  bjCuviet 
when  he  anranged  the  animal  kingdom  anew  aooordin|f  to  its  otganization.  Era 

Cuvier  conipiirea  the  system  to  a  pTTftt  catalofrue  of  animals,  in  which  every  single 
one  can  easily  be  fmnul  and  iinnied.  There  is,  however,  one  rrrcat  feature  stamped 
upon  all  forms  of  oi-gauized  beiugn,  which,  although  inijilied  and  even  iudicatea  in 
the  system  of  Cu%ner,  vet  has  given  to  the  yystem  of  animals  quite  another  aspect, 
— I  mean  tli'  relationship  liftwt  en  ditierout  (ininials.  Ctivier,  and  some  ]«t<"r  natu- 
ralists, and  i  may  sapr  some  of  the  best,  considered  the  system  only  tm  a  wiMint  to 
true  science.  Cloasihcation,  according  to  them,  is  nothing  more  than,  as  Stuai  l  Mill 
says,  a  contrivance  for  the  best  possible  ordering  of  the  ideas  of  objects  in  our  mindly 
and  at  most  "for  causing  the  ideas  to  accompany  or  succeed  one  another  in  8iirh  a 
war  88  shall  give  us  the  greatest  command  over  our  knowledge  aLreadjr  acquired.'' 
Altiimigil  a  cussification  worked  out  in  the  most  perfect  manner  in  this  way  must 
also  be  one  of  the  urns  of  our  endeaTours,  yet  I  may  say  that  our  pref^ent  t  la.>'!<iA* 
catory  inqtiiric  go  further.  They  ptart  from  the  very  fact  that  the  ohiest  fnnnji, 
and  ior  this  i-eason  the  forms  nearest  to  the  original  creation,  do  not  represent  any  of 
those  groups  of  indiTidnsb  which  we  are  used  to  call  specie* ;  nor  can  sU  of  them  bo 
classed  unuer  the  now  established  genera,  funiilies,  and  orders,  but  only  under  the  tvpe 
to  which  all  succeeding  .species  belong.    Antl  although  we  cannot  give  the  direct  eX- 

gerimental  proof,  yet  we  are  bound  bv  logic  and  by  truths  forced  upon  us  from  all  oOk&t 
ranches  ofnatural  history,  to  say  that  these  oldest  original  forms  are  the  prinuoTsI 
forms  of  all  li\  ing  animal's,  whiili  originated  from  them  by  continued  generation 
and  bv  acconnnodation  to  external  circumstances  continually  and  progres^iivelY 
changing'.  Hereby  the  general  bearing  of  the  system  of  animals  is  totally  changed. 
Vit  consider  it  not  only  as  sn  arrangement  of  the  animals  in  sudb  a 'manner  si 
mar  hr>lp  b»st  in  pniiiinir  n  general  view  of  the  nnimnl  >rld,  and  in  placing 
and  iindinK  certain  ioxinn  of  it ;  but  we  try  to  make  it  the  iaithl'ul  expresi^ion  of 
thft  state  of  onr  knowledge  respecting  the  relation  of  all  animals  to  each  other. 

Passing  from  the  much  spoken  of  difibrsnces  between  artificial  and  natural 
av^tomfl,  I  may  nnly  state,  that  even  that  arrangement,  ^vfiit  li  niaiidy  founded  on 
tbe  internal  structure  of  animals,  is  nothing  more  than  a  somewhat  modified  form 
of  artificial  system*  taking  only  one  set  of  properties  as  basis  of  the  clasrification. 
Howerer,  it  is  the  best  form  hithi  rto  proposed,  because  it  takes  into  consideration 
morp  rharneter*  thnn  any  other  arrangement,  and  leads  us  naturally  forward  in  the 
study  of  animal  life.  There  i.*?  m  yet  one  great  chasm  which  severa  the  classifi- 
cation of  minerals  from  that  of  animals.  In  the  mineral  world  we  a>«  justified  in 
fepealciiig  of  spepios,  n.s  the  identity  of  pliysical  and  chemical  properties  grants  a«  the 
identity  of  all  bodies  endowed  with  tnese.  In  the  animal  w(»rld  we  hove  nntliiug 
but  iudividuahy  and  all  sorts  of  groups  are  entirely  and  totally  artificial.  The  law 
of  equal  production  of  like  from  like  through  generatioos  and  generations,  upon 
which  the  notion  of  the  species  mainly  is  ba^ed,  cannot  be  trusted  to,  as  we  lia\  e  no 
experience  whateyer  that  it  holds  good  for  the  same  animals  under  different  circiun- 
stanees. 

Passing  in  review  the  leading  characten  upon  which  the  different  subkingdoms 
of  the  animal  world  are  founded,  we  perceive  at  once  that  they  change  «lnio.-»t  in 
every  class.  For  although  the  general  neadings  may  be  taken  from  the  same  system 
of  organs,  yet  the  splittmg  of  the  classes  and  onfen  into  minor  diTisions  u  de- 
pendent on  characters  especially  modified  bv  these  very  classes  and  orders.  And 
even  here  our  clas^ifientioti  i«  not  quite  consistent.  Amongst  the  lower  clR?»«se<«  of 
animals,  the  comparatively  simpler  organization  allows  us  to  take  the  general  form 
of  the  bodies  as  a  cbataeter  to  be  relied  upon,  yet  no  person  would  be  aMe  to  etUi 

*  I  first  mads  the  foregoing  remsiks  in  ray  *lEffitsm  of  ibiimal  Uorphulogy/  ISA 
tntroduotion. 
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otf^nnphoroiis  medusa  a  radiated  Ruimal.  Similar  iiistanco3  may  be  tnkeu  from  tha 
higher  divisions  of  tho  animal  kinfrdoin  ;  as  tht\v  aro  known  to  all  who  are  familiar 
with  our  aooloffical  Hystoni.  I  should  go  too  far  if  I  wore  to  specify  what  a  little 
attention  paid  to  dilVorent  onl'  vs  nf  aniin  ib  ft  ll  in  n.  momont.  Tho  simple 
result  of  carefully  lookiii^  through  the  edtabliHhed  daises  and  orders  of  animals,  is 
that  there  is  only  a  relatiTe  weight  to  he  laid  upon  the  different  groups  of  toolo- 
gtoil  characters.  It  depends  entirely  upon  the  whole  typical  organization,  lad  on 
tlio  oorr 'Irition  of  parts  as  modified  Dy  that  t3rpe.  This  correlation  of  parts,  which 
allows  us  to  draw  a  conclusion  from  the  nature  of  one  organ  as  to  the  nature  of 
anotheri  must  naturally  he  changed  hy  the  physiological  dignity  of  an  organ,  whldi 
in  different  types  is  not  always  the  same ;  and  it  will  become  uncertain  whenere^ 
the  chattictoi-s  which  we  call  specific  are  bocominfr  indistinct  themselves. 

I  thought  it  necessary  to  state  first  iu  few  words,  that  there  is  a  difference  in  the 
value  of  zoological  characten  according  to  different  classes,  and  I  am  of  opinion 
that  tilt?  propTcss  of  geology  as  scifnco  drponds  mainly  on  the  detonuiuation  of 
this  value  in  a  sharper  manner  than  it  has  been  stated.  T  published  some  years 
ago  some  general  remarks  on  this  subject  in  a  small  piiuiphlet  which  will  scarcely 
have  reaehed  England.  Smce  then  my  opinion  hue  heeome  stiU  etronger,  as  I  saw 
that  the  progre??,  which  zoology  owes  of  late  years  especially  to  sonit>  eminent 
British  natnialists^  was  chiefly  dependent  on  the'cizcumstance  that  the  point  men* 
tioned  was,  wildi  ocr  without  puqio.se,  taken  into  considefstiim. 

The  structure  of  animal  bodies  shows  three  different  relations  of  complexity ;  coitt* 
Jnon  to  all  three  are  these  Uvo  ponits :  first,  that  a  structure,  at  first  simple,  becomes 
more  and  more  diversified ;  secondly,  that  ail  the  differences  which  appear  one  after 
the  other  make  fheir  appeannce  on  a  hasis  fundamentally  equal  and  in  itself  net 
eliangittg.  I^hey  diflcr  according  to  the  difference  of  tliis  substratum.  In  one  case 
there  is  one  and  the  same  body  changing  and  becorainp  more  and  more  complex ; 
in  the  second  case  different  members  of  one  great  ftmdamental  type  of  organization 
emistitute  a  series  of  forms,  some  less,  some  mors  direrrified  j  in  the  thira  case  tha 
very  tyne:^  tliemsdvcs  are  to  be  reirarded  as  members  of  one  ^reat  series,  showing 
less  ana  jrreater  complexity.  The  practice  of  .scientitic  inquiry  baa  severed  these 
three  dillereut  points  of  view  into  three  dill'ereut  braiiehea  of  science.  The  first  is 
the  historv'  of  development,  which  may  just  M  weU  he  called  the  camparatipt 
iNMlOMiy  <^  tfte  {iuh't  ia/ml 'j  the  second  i:^  the  compnrativ^^  n!iatomy  of  tho  diflei-ent 
tvpes)  the  third  is  the  general  morphology  of  the  unimai  kingdom.  These  are  the 
tnree  different  bearings  which  animals  generally  present  to  the  zoologist  with  regard 
to  their  structure.  Now  we  must  ask,  what  use  can  we  make  of  them,  and  of  th^ 
first-mentioned  especially  P  As  the  zoologist  ha.s  nothing  before  him  but  individuals, 
it  is  no  wonder  that  the  comparative  anatomy  of  these  will  throw  much  light  on 
their  nature,  their  life,  and  their  morphology.  As  Ion|;  as  it  is  kept  in  mind  thAt 
all  the  fkcts  of  the  history  of  development  hare  relation  to  the  individual,  and  to 
nothing  el»e,  so  long  nobody  will  object  to  the  manner  of  inquixing>  which  is  finite 
properly  colled  the  genetic  method. 

All  oar  soologicu  dsssification,  however,  tends  toward  the  estahlishment  of 
larger  j^roujis  and  t^'^ies,  and  hero  comparative  anatomy  has  its  place.  It  is  very 
tigniticunl,  that  in  itlie  Cuvierian  system,  which  \\  e  all  follow,  its  later  alterations 
being  quite  irrelevant  to  the  grand  truUis  upon  which  it  is  founded,  there  is  no 
use  whatever  made  of  the  history  of  development,  not  even  in  one  instslice.  It 
hm  be'  ti  ;ii  I  tlmt  tlie  emendations  of  this  !?r?item.  and  the  whole  innpress  of 
systematic  zoology,  depend,  if  not  chiefiv,  yet  lor  a  great  part,  on  the  employment 
Of  the  genetic  method.  On  this  I  may  oe  allowed  to  make  the  following  remarke. 
As  comparative  anatomy  rests  entirely  on  the  knowledge  of  the  structure  of  iudivi^ 
duals,  eveiything  which  throws  light  on  the  individual  will  also  throw  light  on 
comparative  anatomy.  But  with  regard  to  systematic  zooIorv,  we  have  not  to 
deal  with  larval  forms  and  immature  individuals,  hut  only  witn  such  as  are  abit 
to  propagate  their  individual,  or  if  you  like  it  better,  specific  form.  We  canno^ 
of  course,  put  aside  nil  embn  ological  data  in  our  systcmai*:  Mid^avrMrg.  How- 
ever, there  is  great  danger  in  ovemitiutf  the  help  they  give  us.  A  system  ^?std 
on  anatomy  alone  is  an  artificial  one,  however  true  it  may  be ;  hut  its  value  ia 
always  gieat,  and  the  more  attention  is  paid  to  the  physiological  and  biological 
beaiibga  of  stiuctuial  fiicts,  the  greater  will  this  value  be.  A  clAsaification  <^ 
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tninuib  inm  embryonie  data,  tiowerer,  is  stiU  more  artificUl ;  It  takes  only  one 

8niall  group  of  prop  rtiei^i  of  tho  nniiuals,  and  jiist  a  group  which,  by  its  boin|>  con- 
fined exclusively  to  indivi(!ii;il  \  totbid^  by  itself  the  talking  account  <>f  other  pro- 
perties. There  are  so  maii  v  .suikiu^^  cxample^i  of  dillerent  devolopnu  uL  uv  auimals 
related  as  nearly  ua  po^iblV,  that  by  those  alono  the  exclusive  use  of  cinbryolo«^y 

a  hivih  for  clfi'siii<Ml  ion  i-;  fl  »l'i  ntU'd.  And  If  tlio  f  u-i  i  f  frogs  devolopin;^'  with- 
out the  iutcrmediato  stages  of  tadpoles  be  true  (aud  1  have  no  reason  to  doubt  it),  we 
have  in  one  and  the  saniM  species  dilferences  of  devolopmeut  which  woiUd  in  other 
daises  sullice  to  estftblish  oi"doi"8.  B/  thi-»  very  instance  it  ia  8ho\vn  that  enibrv- 
ology  also  ha^  only  ji  iclativi'  valuoa^  zoological  charactpr.  Otir next  inquiry  ought 
to  bti  directed  bei'u,  as  well  as  in  all  oth»r  caies,  towards  the  establishment  of  tho 
cliaractond  standard  of  embryology.  Nataro  hei^lf  a^rists  us  in  tiie  rightly 
weighing  of  this  ehanu:t4}r  of  animal  bodies,  as  aim  in  all  cai^es  it  serves  only  to 
confirm  aad  strengthen  n»latinn>  which  have  been  fmind  by  other  methods. 

While  there  ia  scarcely  uay  ditiiculty  in  giving  to  embryology  amongst  the  other 
seta  of  propertiea  its  right  place  with  regard  to  the  daaaittcation  of  animaky  th«pe 
iif,  I  should  not  like  to  say  dKRcully,  but  some  soemingly  perplexing  complexity  of 
phenomena  and  relations,  when  we  ai'e  to  make  out  the  true  boarinfr  of  cmbrynlogv 
on  unitnal  mmpJiulogu.  Here  I  have  to  answer  two  questions  :  liow  mu^t  we  look 
upon  aaimal  former  and  secondly,  Are  we  allowed  to  explain  andc^us  pheno- 
mena bv  methods*  not  corrHatc  to  enfli  othpr?  Anini:il  morpliolo^jiv,  ns  the  siirtire 
of  auimiil  forms,  has  to  explain  these,  that  is  to  say,  to  bring  them  back  to  iatos,  A 
law  maTiifest«d  on  diil'erent  forms  cannot  be  that 'of  cause  and  effect|  but  only  one  of 
n  i  ll  t  int  repetition  of  the  same  phenomena  under  seemingly  diffopent  auditions. 
Th<!  object  of  aninud  niorpliology  therefore  will  bo  to  show  tlie  constancy  with  which 
certain  organs  appear  in  certain  groups  of  animals,  and  to  show  that  the  relative  poai- 
tion  of  these  organs  is  alwavs  one  ana  tbe  aame  in  the  larger  and  leaser  groups.  With 
regard  to  tho  first  nart  of  these  inquirieSy  there  can  be  no  doubt  as  to  the  utter  failuxe 
of  embr}  ology.  Nothing bnt  a  Kiraple  anatomical  investigation  can  tell  us  whether  a 
certain  oigan  or  system  of  organs  is  present  in  a  certain  division  of  the  auuual 
kingdom  or  absent ;  and  respecting  the  second  part  of  our  morphological  reeearchee^ 
I  am  e<]^ually  inclined  to  doubt  whether  enibryoloiry  gives  n-s  an  insight  into  the 
anatomical  jipeoialities  of  a  somewhat  more  complex  animal  by  anything  else,  but 
by  bringing  before  us  certain  forms  which  are  nut  quite  as  complex  as  the  animal 
•which  we  diaaect.  And  h*>re  we  need  not  take  embryological  data ;  we  have  before 
lis  in  every  type  of  animals  a  whole  series  of  more  and  more  diversified  form?,  which 
bv  themselves  oiler  that  same  series  of  simpler  foims  which  we  find  in  the  indi- 
vidual, and  even  more  dearly  mani&ated,  BecaiLsc  an  embryo  is  always  endowed 
with  certain  indi\ddtt8l  orapedilic  peculiarities,  which  %ve  cannot  at  present  account 
for  at  all.  "With  respect  to  my  second  que-stion,  tlie  embrynlonrists  sny  that  two 
organs  which  are  deveioped  in  two  diileivut  ways  cannot  be  considered  homologous. 
Now,  here  I  haye  to  give  a  somewhat  similar  answer  to  that  which  I  gave  witii 
respect  to  the  embiyological  classification.  The  homology  of  parts  is  determined 
bv  the  con4ant  relative  position  of  the  organs  in  one  and  the  same  type.  An  Mitprv 
which  runs  up  along  the  mesial  lino  of  the  cervical  vertebras,  ia  homologicaliy  dii- 
Ibrent  from  an  artcrv  which  runs  along  the  jugular  Tein  and  the  pneummstrie 
nerve.  Tho  morpholo;rical  relations  of  a  certain  class  cannot  be  determined  but  bv 
comparing  full-"'rown  individuals,  as  all  tlie  or^Mtis  do  not  work  to  the  purpose  of 
thc3e  individuals  before  the  development  is  tini^lie<l.  And  in  this  respect  i  must 
deny  any  Infinence  of  embryological  researches  on  morohological  questions.  There 
is,  liowevor,  another  set  of  qiu.'stions  frcqiicntly  brought  before  th-!  morphologist, 
namely,  whether  two  honwtogoui  organs  are  developed  in  tho  same  way.  ft  is 
easily  seen  that  their  homdogy  must  have  been  determined  beforehand.  It  is  of 
course  of  the  greatest  interest  to  know  the  dtibrefnces  of  the  development  of  the 
same  OTfTan  in  difTcrent  representatives  of  the  same  typo.  But  they  show  nothing 
more  than  the  wonderful  iticility  with  wluch  Nature  arrives  at  the  same  results  by 
difl^ent  wpy^.  Thcj  give  us  additioiial  proob  of  that  immense  richneaa  of  means 
with,  which  the  Creator  of  all  animal  bodiea  worka  out  hia  plana. 


On  the  DeglulUiw  of  Alimentary  Fluids,   By  Professor  Corbkit,  M.D, 
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Oh  iks  Formation     Sugar  and  Amyloid  SvbsUtnces  in  tltfi  Animal  JSconomjf^ 

By  Dr.  Kobekt  McDonnell. 

After  brie%  noticing  the  history  of  the  discovery  bj  fiornard  and  Henaen  of  the 
mattdr  namea  by  the  fonner^'  glyco^ne/*  the  imter  oheerved  that  13ie  teim 

very  generally  adopted  to  indicate  this  substance,  viz.  "  amyloid  matter/'  seemed  in 
the  j)rGs<'nt  state  of  our  knowledge  preferable,  as  it  did  not  involve  any  th^'ory  con- 
cemmg  ihc  ultimate  destination  of  the  material  in  question.  It  was  proposed  to 
embrace  under  the  generic  term  amyloid  Bubstance,  twovaiietieeof  the  eteick-lihv 
material  known  to  exist  in  the  animal  economy,  viz.  that  of  the  Jirst  species,  or  th« 
amyloid  subsUnwo  of  Bvnmrd^  a  temarv  compound  isonu'ri<'  with  (lrif<i  prapo- 
suj^ar,  convertible  by  contact  with  auiniol  ferments  into  sugar  capable  oi' iermeutinff 
on  the  addition  of  yeast — and  that  of  the  second  species,  or  the  amyloid  JKbsteuM 
VirchoWf  a  material,  which,  although  in  liistoloffical  characters  analogous  to  cellulose 
and  starch,  yet  as  met  with  in  the  prostate  glandj  spleen,  choroid  plexus,  &c.,  hm 
not  yet  been  shown  to  be  ca|AbIe  of  oonversion  into  sujg;ar  underg^oii^  fermentatioiu 
and  which  cannot  be  conudered  free  from  the  intimate  admixture  of  aiotiiea 
matters. 

Dr.  M^'Donnell  discussed  at  considerable  length  the  question  as  to  whether  the 
Imr  is  endowed  with  tbe  iimction  of  oonTeftiug  its  amylo^  subetance  into  sugar 
dnring  life  and  health,  or  whether  Mme  at  least  of  this  subetance  has  not  another 
destination,  viz.  that  of  becoming  nitrogenized,  and  thus  beings  flo  to  epeal^  laiaed 
from  the  class  of  ternary  to  that  of  quaternary  compounds. 

Admitting  that  thia  ia  one  of  the  meet  ddieate  queetions  in  physiolc^,  and  being 
most  unwilhng  to  appear  to  dogmatize  on  the  subject,  the  writer  detaileii  a  consider- 
able number  of  experiments  on  blood  drawn  trom  the  right  side  of  the  heart  of 
auimala  variously  fed.  which  seem,  on  the  whole,  to  support  the  view  that  trans- 
formation into  augar  la  not  the  n<»mal  deetination  of  the  amyhndaulMtanoaliyniiiA 
in  the  Ism. 


Es^mmerUal  Inquiry  into  tk^  Ifaimt  if  Sffmp* 
By  Aethur  £.  DaRHAM* 


Qemtf^mthns  to  the  Theory  of  Cardiac  InhibUiom* 
By  Dr.  Michael  Foster* 


Oil  evteM  AittraHoru  in  the  Medulla  Oblongata  in  camt  if  PamUyna. 

By  RoREKT  Garner,  P.L,S. 

In  this  paper  it  was  shown,  and  the  iact  illustrated  by  specimens,  that  in  old 
paralytic  caaee  tbe  eraa  eexebri  on  the  aide  of  theoerebial  lenon  and  the  ooneeponding 

anterior  col  urn n  below  the  pons,  but  only  to  the  decussation,  are  both  found  much 
atrophied,  and  this  very  frequently,  though  it  has  been  jdmost  entirely  overlooked. 
In  such  cases  the  correspouding  olivary  body  retains  its  plumpness,  and  theee 
ffanglia,  tbevelbie,  rather  appertain  to  tne  columns  to  be  seen  on  the  floor  of  tiie 
fourth  ventricle,  and  to  the  posterior  or  tegunientary  portion  of  the  crura.  This  con- 
nexion may  be  well  seen  by  tearing  down  the  hardened  medulla  oblongata  through 
the  locus  nigen  when  it  will  be  found  that  bulovv  the  puns  the  posterior  torn 
portion  comes  uowaidB  and  ia  firmly  connected  with  the  olives. 

The  author  appreciates  the  remarks  of  Turck  and  Van  der  Kolk,  and  goes  on  to 
notice  how  the  onactovy  and  optic  nerrea  are,  in  different  animals,  ccainected,  somo- 
times  with  the  cerebrum  priucipally,  in  other  caseji  with  tlie  cerobral  ganglia,  or  in 
Others  with  the  medulla  oblongata ;  as  they  are  subservient  to  the  intellectual^  the 
animal,  or  to  the  locomotive,  respiratory  and  nntomatic  functions.  Some  remarks 
on  the  origin  of  a  few  of  the  cerebral  nerves  in  animals,  and  a  denial  that  there  is 
any  well-marked  distinction  of  an  upper  and  lower  tract  in  the  ganglionic  cord  of 
such  animals  as  the  scorpion  and  scolopeudra,  as  indeed  wae  long  ago  ahown  intlM 
laat  animal  by  Mr.  Lord,  £aim  the  conclusion  of  the  paper. 
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On  the  Structure  cfihe  Lepadidae.   Bjf  A.  Garmkr,  F.L^S, 

In  this  p^per  tbe  author  bore  t<>stiinony  to  tlio  hig-h  regard  Ibr  tnith  with  which 

^Tr  T^arwin  lia«  r*»oor(io(l  hU  InbouiN,  iu  rr-^port  to  tln'-io  nnimals,  though  further 
wUiervHtioii  ha^  nioditied  some  ot"  liis  t\mclu?i«ni9,  and  indeed  is  still  wauted. 

From  finding  fmgments  of  ^olls,  sinan  pebbles,  ftc.  in  the  oesophagus  of  the 
Jjppfis  anatifrra,  th«  mithor  supposes  that  thn  part  acts  aj  a  gizzard,  comminuting 
the  food.  With  Poli  he  believes  in  the  existence  of  a  heart,  situated  on  the  back, 
a  little  posterior  to  the  base  of  the  second  pair  of  cirri:  liuwever,  tliese  observers 
stand  alone  with  re>4p(.>ct  to  this  point.  The  heart  can  only  be  seen  iu  some  speci- 
rih-n^,  nrcdnliiifr  t<i  the  -tatc  of  the  tI-*«sutM,  which  vary  much.  It  ivceivri  it3 
supply  at  tiie  side.s,  and  givt»  oil'  veddeU  before  and  behind:  other  large  and  loa« 
gitudinal  vessels  v\\^t. 

With  respect  to  tli  '  canal  running  along  the  abdominal  side  of  the  pedunde, 
and  communicating'  with  thf  Ludy  of  the  animal,  on  each  behind  the  adductor 
nuHcle,  the  author  thinks  that  by  meau^  of  it  thecavity  of  tin-  })ro3oma  is  distended 
with  fluid,  thus  acting  as  an  antagonist  to  tbe  adductor,  p:u  ting  a  little  the  ahelly 
Talvea.  The  conmiunlcatin^'  opening  lies  b;>t«'een  thenen'es  and  oviducts  as  they 
Course  between  the  pcdundt!  and  the  hotly. 

^Ir.  Darwiu  thought  that  thei»e  oviducts  cou^  oyed  tlic  ova  from  his  ovaries,  or 
the  asliTary  glands  of  Cuvier,  into  the  peduncle,  where  ova  are  found  sure  enou||h. 
But  in  some  specimeixs,  where  they  are  distended  with  ova,  the  oviducts  are  easily 
traced  from  flu'  pcdtmclc  down  into  the  body  of  the  animal,  making  a  sweep,  and 
apparently  endin<^t  the  eavities  and  apertures  called  acoustic  by  Mr.  Darwiu,  who 
inrorms  us  that  Krohn  ha^  also  made  out  this  point  The  little  memlnrBBOiiS) 
buskin-.«<haped  follicle,  found  iu  this  acoustic  cavity,  i.i  -omctimcs  wanting. 
*  Cuvier  did  not  often  use  tiie  microscope,  or  he  would  have  soon  discovered  that 
his  so-called  ovaries  are,  in  reality,  testes. 

little  need  be  said,  after  Mr.  Darwin,  reiipecting  the  nervous  system.  The  mb- 
oral  ganf,dioii,  ln'^idi^^  b  iu;^'  connected  by  a  riu  :'-  with  the  supra-oral  pin<ilift,  .supplies 
the  salivarv  glands,  the  adductor  muscle,  the  visceni,  and  the  mantle  by  means  of  a 
large  anterior  bmnch ;  also  it  gives  others  to  the  mouth  and  tirst  cirrij  and  is  con- 
nected of  couise  with  the  chain  of  ganglia  between  the  other  cirri.  I^Vom  the 
Bupra-oral  pair  of  ganjrlia,  wliich  are  in  rlo^c  nn])a-!ition.  two  largo  Tiorves  (anten- 
nary  of  Mr.  D.)  go  to  the  ucduuele,  and  two  minute  Iwigj  to  the  eye,  described 
exactly  in  the  **rienadidic.^  With  respect  to  this  eye  Mr.  Darwin  observes, "  in  aU 
the  genera  the  double  eye  is  seated  deep  witiiiu  the  body  ;  it  is  attached  by  fibrous 
tiHsuo  to  the  radialingniu?clc3  of  tho  lowtst  pj  vt  oftbf  n^sophagin,  nud  lies* actually 
ou  the  upper  part  of  the  stomach ;  couse(|u<  nly  a  ray  oi  ligut,  to  reach  the  eye,  has 
to  poas  through  the  exterior  membrane  and  underlving  corium  connecting  tne  two 
SCUtUi  and  to  ])i^netrate  deeply  into  the  body."  This  is  not  quite  all ;  the  little 
organ  i<=<  made  perfect  in  its  adaptation,  by  n  «:Tiinll  oval  or  lo/cnire-shaped  trans- 
parent spot  in  these  coverings  to  admit  the  ligiit,  and  exactly  behind  this  spot  the 
eyelet  may  always  be  easily  seen  or  found.  In  specimens  of  Con^odemui  Mimieri, 
parasitic  on  thr  ( ara]\ix  of  a  crab  from  Amoy,  this  visual oigan  is  situated  between 
the  mouth  and  the  adductor. 

The  so-called  prolmscis  appears  to  act  as  an  ovipositor,  and  probably  in  the  pre- 
hension of  the  food.  The  ova  aro  finally  attached  to  the  "ovigerous  fitena^  as 
broad  slu'*  ts,  with  tbe  a-sistancp  nf  a  cement,  which  sometimes  ^duc.-j  them  unna- 
turally together.  The  fatty  matter  with  which  the  mantle  abounds  appears  to  go 
to  their  nutrition,  and  is  apparently  taken  in  at  tbe  roots  of  the  fnena.  Iu  this 
mantle,  in  some  species,  the  young  animals  are  imbedded,  and  within  its  cavity 
Imnrcgnatiou  tal<cs  place. 

The  author's  specimens  of  Lejias  came  on  shore  last  January  at  Kimmeridge, 
attached  in  vast  quantities  to  a  beam  of  pine.  Some  were  a  foot  andahalfin 
len^h ;  mostly  wmple,  but  othens  spi  i  nging  one  fiomanother.  They  are  tenacioua 
of  lif'S  and  appear  to  bo  generally  cast  nu  shore  upon  our  coasts  in  rough  winter 
weather.  The  author  has  had  huge  living  Balani  picked  up  in  the  Mersey,  and 
has  Lepadidn  attached  to  nuts  of  China,  the  small  sheUa  ox  a  Sepia,  and  mmuto 
ones  on  the  shells  of  ImUhinu  and  S^nda  from  the  Gulf-weed. 
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On  Saccharine  F&rmentafion  within  the  Female  BreasL 
By  Gkohgk  1).  Giiiw,  M./).,  jM.A.,  F.G.S. 

After  referring  to  V  oj^»'r«  Utscovory  of  vibrionosm  liuman  iuilk,aud  the  suspicion 
he  entertained  tnal  their  origin  wai  due  to  ferment«tion  of  the  milk,  but  which  was 
dcuicd  by  fttbaequent  observers,  the  autlior  prucoeiltKt  to  ^tatv  that  lib  own  res(>nrchc8 

into  tliis'  qiiostioii  comniouood  in  tlip  l:Uf*'r  part  of  1<")4.  At  that  (iinn  an  iiilniit  soven 
wecka  old  wa-i  brought  lo  him  iu  tlw  uioot  extreme  stale  oi  eiiiacialiuu,  whose 
mother  had  the  appoaranoe  of  good  health.  The  child,  a]thou;irh  bat  skin  and  bone, 
was  healthy  and  pliunp  at  birth,  and  was  iu  no  way  disea-fd  ;  it  had  plonty  of  lis 
niotht  r's  milk,  but  never  wa«4  satisfied,  and  seemt'd  raveuouM.  The  rao^it  prtif  i  n 
diaphoresis  and  diuresis  had  worn  it  to  a  shadow.  The  mother's  milk  wa<  fouad 
to  be  rich  in  cream,  neutral,  ep.  gr.  1033,  and  contained  a  Iar<r»>  quantity  of  sugar. 
Examined  under  the  microscope  u])nn  the  instant  of  withdrawal  fntiii  the  bn  a^t,  it 
revealed  numbers  of  living  animalcules,  tho^  known  as  the  Vibrio  baeulits,  but 
which  he  proposed  to  change  to  Vibrio Itutis  as  more  appropriate.  These  he  con- 
(ii'i.  red  the  Jesuit  of  fermentation  of  tiie  saccharine  element  within  the  gland* 
Tht  rc  wa<?  nn  absence  of  mammary  conp-i'-tion  and  brat,  which  are  usually  present 
in  such  l  a^er^,  but  much  general  nervous  excitement,  which  it  was  necessary  to 
control  by  proper  treatiuent.  The  child  was  supplied  with  an  abundance  of  good 
cow's  milk,  and  gradually  weaned,  aft«r  the  lap^e  of  some  weeks,  and  ultimately 
coitiplettdy  recovert'fl.  The  mother's  eoiidition  al>o  improved  ;  the  milk  contiinud 
to  bo  rich  iu  cream  and  sugur  for  some  time,  varying  in  sp.  gr.  from  1032  to  llKia, 
tnd  always  neutral;  the  animalcules  lenuuned  va  some  weeks,  andfinaUy  disap" 
peered ;  and  when  drawn  from  the  breast  the  milk  invariably  turned  aour  much, 
sooner  than  other  examples  of  cows  or  healthy  human  milk 

From  1654  to  the  present  time  the  author  has  examined  many  luindred  specimens 
of  human  miUc,  chenucaUy  and  microscopicnliy,  and  has  occaaiona  U  v  fo  tmd  twospedea 
of  animalcules  to  be  present  in  the  {j^land.-?  of  tliuse  whose  general  health  was  dis- 
ordered from  various  cnusf^s  during  lactation,  or  where  the  process  of  lactation  was 
unusually  prolonged,  ur  agulu,  where  the  ouaatity  of  milk  secreted  wa:s  small  and 
insufficient  to  satisfy  the  wants  of  the  inmnt.  At  early  lactation  also,  whore  the 
milk  was  good  and  plentiful,  but  with  (uiistitutiunal  .-symptoms present  aS  already 
referred  to,  both  species  were  found,  but  not  in  the  same  individual. 

These  creatures  consisted,  first,  of  the  Vibrio  iactis,  resembiuig  little  rod  or 
minute  hair-shaped  bodies,  similar  to  those  found  in  some  of  the  other  fluids  of  the 
body  ;  and  .«e(N)iully.  of  mmnnh,  wliieh  he  Im-'  found  to  1).'  far  more  fte^uenttild  Com- 
mon than  vibrioues,  and  which  ho  proposed  to  call  Monas  lactis. 

Both  species  were  noticed  at  all  periods  of  lactation,  from  a  few  days  to  upwards 
of  twelve  months;  the  colour  and  specific  gnirityof  the  milk  varied,  butitwBS  inva- 
riably alkaline  or  neutral.  T!ie  rnihlreu  were  mostly  sliin  and  bone,  resembling 
little  old  men,  and  soon  died  of  inanition  unless  other  foo<i  than  the  mother  s  milk 
was  8uj)plied  to  them.  It  was  not  these  litUe  bodies  that  disagreed,  but  the  healthy 
properties  of  the  milk  for  assimilation  were  destroyed,  by  constitutional  causes  in 
the  mother,  which  imparted  as  ii  wt  rc  a  galvanic  shock  thmugli  tlic  ap-ency  of  the 
Uterine  nervous  system,  at  the  moment  of  its  secretion,  giving  rise  to  lernieutuiion 
in  th«  sugar  alone,  a  substance  the  author  believed  the  only  one  likely  to  produce 
it  wilhifi  the  breast.  This  process  did  not  necessarily  give  rise  to  the  formation  of 
lactic  acid ;  had  it  done  so,  it  v.ould  have  de^^troyed  the  animalcules;  moreover,  in  no 
single  instance  was  the  nidk  ever  found  acid,  lie  referred  lo  some  experiments  of 
Bcrthelot  to  show  that  fermentation  of  sugar  could  take  place  in  alkaline  fluids: 
and  the  rapidity  with  which  milk  coutaluiu!,''  tlic-e  nuiuialndcs  is  dt-coiupo.^ed  and 
turns  sour  out  of  the  breast,  now  generating  a  iar^^-^f  (piantity  oi"  lactic  acid,  the 
author  considered  a  strong  proof  of  fermentation  iiuving  previuu-ly  commenced 
within  the  breast. 

Ho  believed  it  very  probable  tliat  the  aninialt  ulr^  were  generaf-^d  from  the  sur- 
face of  the  mucous  membrane  of  the  laclil'erous  lubes,  by  the  fermentation  of  the 
angar  at  the  moment  of  its  secretion  from  the  blood,  and  tHis  in  some  cases  explained 
the  large  numbers  present*  The  necessary  connexion  subsisting  between  the  mam- 
moiT  glands  and  Uterine  organs,  explained  the  influence  of  the  latter  iu  producing 
the  heat  and  iutemol  congestion  of  the  former  by  reflex  nervous  agency  ^iviu^  rise 
to  the  conditiona  describiMl,  ia  which  the  Titality  of  the  milk  was  much  impaired. 
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The  author  then  briefly  entered  into  the  general  i^uestion  of  treatment  to  be  pur* 
■nod,  both  for  the  paMntaad  child,  under  ttae  dteumsttiises  detailed* 

On  AtkUk  CMera.  ^  Sir  Charlis  Gbat. 

A  Word  OH  Embryologi/,  with  reference  to  the  mutual  relalwnt  of  tht  Sub- 
kingdoms  of  Animals,  By  J.  Keay  Greene,  BJLy  Profetsor  of  NaimtA 
JBUtorp  in  <iU  Quein*s  College,  Cork, 

In  a  oommuiiieatioii  bearing  the  above  title,  the  author  endeavoured  to  ex^kia 
that  any  real  improvements  in  the  arrangemeut  of  the  animal  kingdom  which  nav« 
bean  made  since  the  time  of  Cuvier  accorded  well  with  the  corresponding  advances 
of  comparative  embryology.  Thus  only^  indeed,  were  they  shown  to  be  true  ^  f(» 
the  method  of  ^^radationa,  whatever  might  be  ite  Talue  m  Buggeati]i|^  affinitieiy 
could  iui{ ,  iif  itself,  be  deeiiit'd  nuflicienl  i<i  prove?  them  ;  'svhil'^  it^  f  xolnsive  employ- 
ment had  already,  in  too  many  cases,  eugeudered  exrozs,  the  further  multiplicatioii 
of  which  oould  alone  be  kept  in  checuc  by  a  continual  appeal  to  the  teet  of  aevelop- 
meat  Wtom  thia  ^oint  of  Tiew,  the  mutual  relations  of  the  ftTO  aub-ldngdomi  e{ 
•ninuls  afpew  ta  in  the  aoeompaiiyiiig  analytical  Table  i-^ 

THE  ANIMAL  KINGDOM. 


^18  or^^nism  does  not  exhibit  a 

division  into  true  layers. 
Subldngdom  L  PBOTOZOA. 

A  blastoderm  is  formed,  whiefi 
dividue  into  inner  and  outer 
layen, 

"  '  1 

I'he  two  layers  of  t  h  '  blastoderm 
underffo  no  further  funda- 
mental differentiation.  There 
ia  no  diatinction  into  neund 

8Ti(l  hrrninl  r«>gion8. 
Subkiii^dom  2.  CCELENTERATA. 

The  blastodermal  lavers  become 
further  differentiated.  The 
organism  exhibita  neural  and 
luBmal  legiou. 

 \  , 

ihe  haemal  region  is  first  deye- 
lopcd.    There  is  no  segmenta* 

tion  of  the  blastodonn. 
Subkin^dom  3.  MOLLUSCA. 

The  neural  region  ia  first  d«ve* 
loped. 

I 

 1  . 

The  blaatodeim  may  become  an- 

tero-poateriorlyaegmented,  but 
there  is  no  formafioTi  ef  pri- 
mitive groove,  dorsal  and  vLi- 
oemlplatea^. 
Subldngdom  4  ANNULOSA. 


The  blaetodenn  divides  into  so- 

matomes.  AprimitivegrooTe^ 
dorsal  and  visceral  platoa  am 

formed.  

Subldngdom  5.  VERTEBRATA. 


The  generalizationa  here  earpressed  may,  to  a  certain  extent,  be  regarded  as  co- 
rollaries from  the  well-known  proposition  of  J.  F.  Mei^lii  1 :  -d.  h.  das  h(»nere  Thi*"r  ia 
seiner  Entwickelnn^  dem  Wesent lichen  nach  die  iinter  ihm  stehenden,  bleibendea 
Stupen  durchluuft.  wodurch  also  die  beriodischeu  uud  ClaasenverscheidenheitSi 
auf  einander  zuriicKgcfiihrt  werdenf.  For  a  Vertebrate  ovum,  before  segmentaticMi, 
differs  but  little,  I's.sciitially,  from  nn  a^itomntous  Protozoon.  At  a  later  8tag% 
when  the  division  of  the  blastodenn  into  serous  and  mucous  layers  has  just  takeB 
place,  it  admits  of  casv  comparison  with  the  permanent  forms  of  CctUtUeratOf  tbs 
simpler  organisms  of  tfiis  group  being  little  more  than  doublo^walled  sacs  of  psouiar 
fonn,  with  one  extremity  open  for  the  puipoee  of  alimentation. 

*  This  propoutkm  is  stated  and  commented  oa  by  Professor  Huxley  in  hit  recent  nienolr 

"On  the  Agamic  Hepro<lMrt!(»n  und  Morphology  of  Aphis."    Hct-  fi,ppf tnl!y  §  5  of  iYif  SMBt 
paper,  eiititled  "The  Enibryugeuy  of  the  Aruculata,  Moliuscu,  itud  Verlebrala  comyUtA 
(Linn.  Trant.  voL  xxii.)> 
t  gyKen  dar  nukishsodsn  Aaatomis,  Bnter  TheU,  p.  396* 
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Recent  reaearchos  on  the  structure  of  the  Tn  fmorta  show  that  somo  memberi  of 
that  group,  for  example  VortirfUa,  preatnit  a  more  or  Ioa^  obvious  difForentiation  of 
their  primitively  bomo^eueoua  tissue  iato  imperfect  layers.  A  mouth,  also,  is  con- 
gtMitiy  present  In  thoao  characters  the  higher  Pmitmoa  pre-indicate,  as  it  were, 
certain  structural  features  which  are  seldom  absrat  amonj;  the  mrmluM-.  of  otlier 
sub-kingdoms.  So  also  do  the  more  advanced  CakrUertUa,  and  especially  the 
Q^nophora,  foreshadow,  in  a  manner,  the  anatomical  peculiarities  of  some  of  the 
higher  types. 

All  tliis  may  bo  admitted  as  tnie,  ■witlmnt  in  nnv  wnv  rtp^lrrtinir  thn  fundamMital 
distinction  insisted  on  by  Von  Baex  between  the  grade  oi'  development  and  the 
typo  of  orsanizatioiL 

It  ii  to  De  observed  with  reference  to  the  Annuloita,  that  the  difficulty  of  enttft* 
ciatin*?  pmnf^sitions  which  shall  bo  oqnnlly  applicable  to  the  Arit'cnlafn  pmperly  so 
called  i^AHhropoda ),  and  those  lower  aau  uio^  torms  known collectiyely  as  AnmUoidm 
«r  r«rfiMs>  is  still  to  mueh  felt,  m  to  lender  it  doabtfbl  wluthw  taMO  two  fpntA 
divisions  should  not  be  raised  to  the  rank  of  separate  tubkin^doms.  This,  at 
present  perhaps  the  mo«t  important  question  in  systematic  zoology,  has  already 
oeen  answered  in  the  atfirmative  by  J.  V.  Cams,  Gegeubaur,  R.  Leuckart|  Siebold^ 
•adVogt. 

The  three  first-mentioued  of  these  naturalists  rt^prard  the  EchinfMlermata  as  con- 
stituting a  seventh  subkingdom  <>f  the  propriety  of  sepamtinir  this  group  froni 
the  CmienUrata  no  doubt  can  iiny  longer  be  enturtaiucd,  although  Prof.  Milne* 
Edwards  and  a  few  other  zoologists  of  repute  still  continue  to  umto  theao  widoly 
ditferpnt  foiTn>  imdrr  tViP  rild  iiariir^  i>r  J'adintn.  80  long,  howevnr,  n  -  thr>  nrEn.imcnt« 
brought  forward  by  Prof,  liuxley  remain  imaoswered,  the  author  can  see  no  reason 
to  dissent  from  his  conclusion,  doat  the  JEehinodermata,  while  forming  a  distincUy 
drcumsdUwd  ekm,  itft  nofwUutoM  oomieeted  by  tnio  idDoiti«t  with  tho  diHriM 


On  the  Mode  of  Death  by  Aconite, 
By  Edwabd  R.  Harvey,  JfJl.,  Oxtm. 
Death  by  aconite  baa  boon  attributed  by  different  observers  to  its  influence  upon 

each  of  thethref  vital  organs,  the  heart,  luuir?.  and  ^rnin.  The  follo^vin;,•  cxpcriincnts 
were  made  with  a  view  of  detenuiuiug,  if  po«isibie,  the  orf/^  whoee  iunctions  were 
moat  dirccUy  intufered  with  by  the  poison.  Flemings  tmctuie  was  sIwmb  naed* 
hk  experiment  1,  two  nunims  of  the  tincture  w(  ro  injected  beneottl  ^0  uia  ollk 
dog.  In  2f  hours  after  injection  the  dog  died.  There  had  been  no  convulsions, 
no  loss  of  consciousness,  no  apparent  loss  of  sight,  no  change  in  the  pupils,  and  no 
distnflMuioe  of  the  iesptratl<m :  the  two  muked  symptoms  weie  Toniting  and  gteet 
prostration.  On  examination  after  death,  the  veins  of  the  neck  were  seen  to  bo 
enormously  distended.  The  heart  contained  bload  prirtifilly  clotted  in  both  auricles. 
The  other  organs  were  healthy.  InexpenmenL  2.  on  a  rabbity  the  heart  was  the 
Ofgaa  fifst  ameted  fits  pulsations  falling  in  5  minutes  from  140  m  e  minnte  to  100, 
nnd  soon  becoming  laboured  and  irregular)  ;  the  breathing  then  b  ■c  rmm  distressed, 
and  jiLst  before  deatli  there  were  convidsions.  Post-mortem  exammation  directly 
after  death : — The  veins  of  the  neck  and  brain  were  distended  with  blood.  The  heart 
gare,  when  exposed,  two  very  slight  quiTeiings,  ]M>tto  be  called  contractions ;  all  the 
cavities  contain»'d  idood.  Tlie  oth(?r  organs  were  healthy.  In  experiment  3, 
similar  aymptom^  during  life  and  appearances  after  death  were  observed.  Experi- 
ment .4  Tlie  heait  of  m  frog  having  been  exposed  by  remoTal  of  a  portion  01  the 
sternum,  the  pnlaetions  nnmnered  ^  in  a  minute,  and  were  forcible  and  ixiegolar. 
After  three  or  four  drops  of  the  tincture  had  been  let  fall  into  the  thoracic  cavity, 
the  pulsations  became  very  rapid,  feeble,  and  irregular^  and  soon  could  no  longer 
he  felt:  the  healing  here  ceased:  10  minutes  after  death  die  heart  was  again 
pulsating,  though  much  more  fceblv  tlian  in  another  (rog  killed  bj  pithing.  JSe* 

Eeriment  5.  A  young  robbit  was  l<ilb  *l  by  aconite,  ana  another  young  one  by  a 
low  behind  the  ears.  In  the  animal  kiiliMl  by  aconite,  there  was  a  slight  Uuttorlng 
movement  of  the  heart,  hut  there  worn  no  regular  contractions,  and  galvanism  pro- 
dnrrd  nn  cflvrt  "^^hatever ;  in  th  '  other  rabbit,  the  hrnrt  cnntmrTintr  regiuarly 
after  death  ;  and  when  all  contraction  had  ceased,  gaivanism  occasioned  slight  but 
decided  cuuLractioxis.   Experiment  0.  Fiye  minims  of  the  tincture  were  injected 


Digitized  by  Google 


134 


BBPORT — 1860. 


beneath  tbo  «>ln*n  of  a  rnMjit.  Tii  40  minuter  iho  ]>iil«p  wnf  intermittent,  nnd 
Lad  foUen  from  108  iu  a  minute  to  -'Al  The  U  inperniun*  within  the  cars,  wliich 
At  the  time  of  injectioii  was  97°,  was  93^.  The  animal  ftt  thia  time  was  ex- 
tremely wonk,  Bn(f  imwillinii  to  move ;  twenty  minutes  Inter  it  wns  moro  lively; 
the  pulse  bent  00  in  a  minute,  nnd  the  tenijK'rnture  within  th"  ears  was  iMf^. 
The  henrt's  pulsation  elowly  nnd  s>tcadily  increased,  nnd  the  animRl  recovered. 
Exp>  riiii.  lit  In  a  rerv  Toung  lahbit  which  received  beneath  the  pkin  four 
minims  of  {\\>-  tinctnr*^.  sunilar  hvmptoms  tenniimt-  d  in  ivcovr  rv.  In  the  latter 
case  the  temperature  fell  from  07°  to  In  ench  case  the  only  •'iprn  of  cerebral 

disturbance  was  an  extreme  wenlcness  of  the  hind  legs,  which  VM  i  liaps  amounted 
to  temporary  pajralysi.s  ;  the  brenthing  wa3  nerer  distressed,  nnd  out  little  hniried. 
Loss  or  power  of  thn  h.-rn  t  and  of  iho  mn?cle<«  prnemlly,  with  a  fall  of  temperature, 
was  the  marked  symptom,  and  the  condition  of  the  animals  improved  or  detcrio- 
iftted  coinddently  with  the  state  of  the  heart  Experiments  1B  and  0.  In  two 
rabbits  poisoned  by  aconite  the-  In  art  and  large  veins  v&m  distended  with  blood. 
In  experiment  10,  where  there  had  In  u  duriufr  life  no  symptoms  of  asphyxia,  the 
right  side  of  the  heart  alone  contiiined  clots ;  a  little  liquid  blood  oacuped  from 
both  rentrif^esw  This  is  the  only  eridcnee  thronghout  the  ex^riments  of  deatii 
froin  asphyxin.  A^'^th  this  exception,  all  the  pre<'eding  expenments  led  to  the 
conclusion  that  aconite  kills  by  its  nction  upon  th<;  heart,  nnd  that  thedistmler  of 
the  brain  nnd^luugs,  Avhen  pn'sent,  is  due  to  the  cr)ngestion  consei^uent  uihui  the 
heart's  failure.*  Todiscover  if  the  circulation  was  nflected  by  the  outward  application 
of  th«'  tint  tiiro  to  nn  inflMiu.  <1  ])art,  a  frog's  web  was  plat  -  d  under  the  microscope, 
and  intiamniation  excited  l»y  a  little  mustard^  the  whole  web  was  then  moistened 
with  a  few  drops  of  the  tiuctun; ;  no  eflcct  whatever  was  obsenred  for  two  hours 
during  which  the  web  was  tmder  the  microscope.  It  remained  to  be  seen  if  tho 
poison  ftct'  d  dinctly  iipnu  the  mn  rlr-^  or  tk  rvr«.  I'nr  thi."  purpose  experinienta 
were  made  upon  frogs :  galvanism  was  applied  under  various  circumstances,  and 
thongh  the  experiments  were  not  tufficiently  numerous  to  decide  the  point,  tho 
conclusion  amTed  at  was,  that  ni-onit  -  nets  immediately  upon  the  nerves,  and 
through  them  upon  theniusclts  -tin-  In  art  ariifiTiL''  tlio  number  — nnd  that  that  or*ran 
is  the  first  of  the  vital  oi^gaus  whosi?  function  is  interrupted.  The  hitter  ex|^eriment 
will  be  repeated,  as  well  as  others  which  have  been  instituted  on  the  antidotes  of 
aconite. 

Serprnl  vcvy  careful  nnaly^rs  of  ihr  h]ooi\  and  urine  of  nnimnlH  undor  aconite 
were  made,  but  beyond  tho  incrcaacd  c^uuntity  of  urine,  nothing  worthy  of  parti- 
cular comment  was'  discoTcrcd, 


On  ike  Anatomy  of  Stenops  Potto,  Perodicticus  GeofiVoyi  of  Bennett* 

By  Professor  Van  dbr  Hokvbn. 

It  is  not  for  the  fir^t  time  that  I  make  a  communication  on  this  species  to  the 
British  Association  (see  Itcport  of  the  I?nli«h  Association  for  iHoO.  Pran^.  Srct., 
p.  125*  ).  On  a  lorniev  oeca^ion  I  proved  tiint  thi^i  species,  first  dcscriWd,  lir  rather 
comint  ju orated,  at  thi?  beginning  of  the  foregoing  century,  bvBosman,  in  his  Dutch 
work  (tn  tli'-'  rca-t  nf  Guinea,  belongs  to  the  gi'oup  of  ilf  ^jfeuus  Stt^tiopj^  of  ll!i^'*er 
ox  Is'ycticcbm  of  InolTroy.  I  have  now  the  pleasure  of  bringing  here  to  the  meeting 
a  nearly  complete  nnatomical  monograph  of  this  spccieb<.  It  was  in  the  begin- 
ning of  18o7  that  I  received  two  well-preserved  male  specimens  of  the  Totto,  pro- 
prnt<  d  to  me  by  a  Surgeon  iu  the  service  of  the  nnny  of  tli-'  Netherlands,  tlien 
residing  at  Ucorgo  d'lUmina.  I  placed  them  in  the  hands  of  a  Candidate  of 
Medicine,  F.  A.  W.  van  Campen,  to  procure  bim  a  good  argument  for  his  disserta- 
tion.  That  able  young  man,  who  bad  devoted  himself  to  the  study  of  enatomji  died 

*  In  the  few  lines  inserted  at  that  page  the  name  Zeimir  Polfo  occurs  twice,  but  is  a  mis- 
print for  L<'mur  Potto.  I  avail  myself  of  thi*  opportunity  to  correct  another  fau!t,  not  nfilic 
printer,  but  of  myself.  The  iate  excclli'nt  roologist  C.  T.  Itonnett  has  not  isiated  in  his  de- 
scription of  thelVrwnclleiM  ( Prooeedinp^x  of  the  Zoological  Society,  part  1.  1830,  pp.  109,  1 10) 
that  the  tarsus  was  elon^  tt'-d.  For  the  word;,  *'  The  tarsal  bones  were  of  the  same  shape  as 
in  Slenopt,  and  the  stutrmcnt  of  Bennett,  that  the  t<irfiu«  was  elongated,  is  incorrect  "  read 
"  The  tarsal  bonnes  were  of  the  same  shape  alM  hi  SUttops,  and  my  former  opinion,  that  the 
tsiaus  was  clonf^tsdi  is  iaconsct." 
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before  lie  could  oT)(ain  lii^i  d('«rrpef.  T  rwflv*  d  his  noivs  nnd  'mx>lc  nfter  tltem  tlio 
Monograph^  which  was  edited  in  lt-/J  by  the  lio^al  Acudcmy  of  Sciences  of  the 
Netherlands  in  its  seTenth  volume  (OrUeedkundig  Oudenoei  van  der  Potto  van 
B<^man  door  F.  A.  W.  ran  Cnniprn,  M(  d.  Cand.  Fit  zt-sse  unpclnscn  naii 
seekeniiigcn  bvreii  gebrnpt  door  J.  van  der  llocvcn  (Met  due  Platen  Amsterdnm, 
4to,  77  pp.).  Except  the  female  oigjtna  of  geucration,  a  species,  scoic-ly  knowu 
thirty  years  ngo,  is  uow  move  completely  inTealigated  than  many  species  of  the 
luninnialia  living  in  Euro]it«. 

The  little  but  verv  iiatui-al  group  of  Mamnialia  ealled  Lamnioa,  is  one  with 
whoge  investigation  1  lia\  <•  been  often  and  nl  dillerent  times  engn^red.  It  is  well 
known  that  zoolojri-tH  linvc  f.M\  en  the  name  ofahandto « \  <i  v  extremity  in  which  the 
thumb  is  opposable  to  tlie  other  flnprt^rs.  Some  bnve  ^uch  only  ou  the  pcsterior  ex- 
tremities, as  the  opo8*uni  (i/iV/c/pAw)  of  America  and  the  Chiromyi  of  Madagattcar, 
Those  are  called  Bedimaua,  or  hmd-handed.  Others  hare  this  structure  both  in  the 
anterior  and  posterior  extremities,  as  in  the  ease  in  the  gveatest  number  of  monkeys, 
and  in  th  -  lemurs  (Qt/adrumana).  Man  is  the  only  species  of  the  ordf»r  Jiimaita 
where  the  opposable  thumb  exists  on  the  anterior  extremities  only.  Amongst  the 
Quoebwiuma  the  Lemuridie  are  distinguished  by  the  nail  of  the  second  finger  of  the 
hind  feet,  which  is  erected,  compressed  and  sharp  (of  a  subulato  phape),  while  tlie 
other  fingers  have  flat  nails.  T  found  that  in  nil  (he  species  the  fourth  f  ngcr,  both 
of  the  (Ulterior  and  ooderior  feei,  is  thclontjest.  In  the  ape?,  on  the  contran-,  as  ia 
most  other  mammals  having  five  fingers,  the  third  is  the  longest  of  all.  To  those 
charactorfs,  sufficient  perhaps  for  the  8y8tem«ti(  z(>olnpi>;t,  "u  o  may  add,  after  what 
is  known  bv  the  investigations  of  Cuvier,  Fischer,  Meckel,  \\ .  ^  rolik,  Burmeister, 
A.  Smith,  kingraa  and  myself,  several  anatomical  character."?,  as,  for  instance,  that 
the  lower  jaw  is  divided  into  two  distinct  lateral  parts  (as  in  many  other  mammals, 
but  never  in  tlu  luouki  ys);  that  the  orbit  is  notcloi^ed  by  the  interposition  ofther^/ti 
magna  ossissphenoidei  between  the  malai'  and  frontal  boueS|80  that  ux^Jimtraorbitalit 
inferior  i«  not  distinct  from  the  temporal  fossa*;  that  there  exists  ft  fiat,  mem- 
bran  i  if  i-;  or  aponeurotic  tongue-shaped  appendage  beneath  the  tongue,  tenninated 
in  sJeuder  .slip.s  forniiu;,'  a  pectinatea  tip:  that  the  first  pair  of  (•<  nln-al  nerves  is 
represented  by  large  co}-pora  tnammiiiariUf  and  that  the  uterus  {in  those  of  which 
the  anatomy  is  mown)  has  two  comutf,  end  not  that  pyriform  shape  which  i( 
assumes  in  the  monkeys  and  in  woman. 

The  whole  group  is  confined  to  the  eaPtorn  lu  ini.'iphore  of  our  planet.  Tlie 
greatest  number  of  species  lives  only  in  Madagascai*:  sonic  arc  found  on  the  continent 
of  AfHca  in  tropical  regions;  and  some  in  iCaat  India,  chiefly  in  the  idea  at  the 
south  and  cast  coast  of  Asia. 

I  distinguish  the  Lcmttn'm  \n\<^  (wo  groups.  In  the  first  there  is  only  one  nail  of 
the  hinder  feet  erected  and  ^ubiiiute;  in  the  other,  not  only  the  second,  but  a]^*o  the 
third  has  that  8hap«».  To  this  second  group  belongs  only  the  genus  Tarsiun,  livirg 
in  f'elebe'',  Bomeo,  and  tlie  Philippine  Isle^.  It  seems  not  to  be  proved  that  there 
is  more  than  one  species  of  that  p-enus.    The  tarsus  is  very  elongated. 

To  the  first  group  belong  all  the  other  Lcmurina.  In  tho.«»e  the  superior  inci- 
sors arc  placedhy  two  pairs,  and  a  vacant  space  is  1  1 1  I  etwe»  n  them  in  the  middlef. 
Some  of  those  have  the  tni^al  bo)ie.s  eloniraled  like  Tarsim^  the  calcaneum  and 
Sftvicular  bone  forming  two  slender  elongated  bones  placed  near  each  other  liko 
the  radins  and  ulna  in  our  fore-arm.  This  genus  it  O^tHomu  or  Otdapo.  In  others 
the  tarsus  is  not  elongated.  Some  have  onh  two  incisors  in  the  lower  jaw 
{Lichanotm,  PropUhrcKs)  \  ofln  r-^  Imvi-  ffinr  ii'  ^loth  jaws.  To  this  hv.'^t  subdivi- 
sion belouff  the  genus  Lemur  {^stricio  6e)isu )  and  Htfn^.  The  first  baa  a  long  tail, 
tiie  seeona  a  short,  or  only  mdimental  tail,  or  no  tail  at  all.  The  last  is  the  case 
in  the  slender  and  small  Ceylonese  spec  it  s  (Sfenops  ffracilts).  All  specien  o/'Stcnojie 
have  a  short  index  to  the /ore-hmxl ;  iii  iSfcmtjis  Potto  there  is  an  exaggeration  of  this 
generic  peculiarity,  and  the  index  has  only  two  phalanges.  The  species  is  further 
oiatingmshed  hy  the  peculiarity  that  some  spinous  processes  of  the  neck,  corered 

*  In  Tarsiut  (he  orbit  appears  lo  be  rlu>ecl  behin<l,  but  the  devintion  from  (he  other 
Lemuridte  h  more  apparent  than  real ;  llie  great  ala  of  the  sphenoid  bone  is  aoCcoacsmed  In 
the  formation  of  the  hiiul  wall  ofthc  orbit,  but  the  nialir  b<Mie  iscnhrpr'!. 

t  Prt^Uhecug  seems  to  make  an  exccptiun,  but  it  is  more  au  apparent  than  a  real  one.  See 
Piroctcdingi  of  the  Zoological  Sedetyi  18S2,pL  21. 
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onlr  hy  a  thin  cnrneons  ppii^erm,  piori-o  tTirmi^h  the  fur  like  prickles.  Thejtn 
those  of  the  fifth  to  the  laat  cervical,  nn  i  ui  the  iirst  two  dorsal  vertebim 


C^mrvatiom  on  tite  Teredo  navalis,  and  the  Mi'^rhirf  catised  by  it  in  HoUand, 

By  Professor  van  der  Holven. 

It  is  well  known  that  the  Teredo  has  been  ffreatly  destroyiag  the  piles  which 
wne  employed  in  the  construction  of  the  d  vk''8  of  Holland  in  the  beginning  of  tiis 
preceding  century,  chiefly  in  the  years  from  1730  tol/J^S.  Since  tbnt  poriod  it  b 
aearcely  recorded  that  any  zmschief  has  been  produced  by  that  birnlTO  UU  the  Tear 
lffiS7,  when  in  the  prorineeof  Setaland  it  a^ain  became  noxious.  Bat  it  was  chief^ 
in  the  years  1858  and  1869  that  the  species  increased  very  much,  and  the  destruction 
produced  bv  it  was  th(»  prh8«  of  a  committee  of  nifmbers  of  the  Ttoyal  Academy 
of  Science  being  formcd|  with  the  iriew  of  inquiring  concerning  the  damages  in 
difleieot  IcNSilitiefl^  end  «8  to  llie  best  me«na  of  protectindf  timberaffunstthelr  ravages. 
I  bave  the  nleasnie  to  place  the  Report  of  those  gentlemen,  published  some  weeks 
before  T  left  Leyden,  in  the  hands  of  the  gentleman  who  hn.^  given  such  an  elaborate 
diasertation  on  the  Ship-worm  to  this  meeting  of  the  British  Association.  He  will 
I  liope  make  known  bereeffcer  the  chief  contents  to  the  English  nataralist.  Ftoni 
the  coniparii*on  of  different  records,  it  seen^-^  tn  result  that  the  speeies,  which  it  is 
well  known  now  wh.s  not  imported  from  forei<m  and  warmer  seas,  exists  always  on 
our  coasts,  but  that  there  ar«  some  periodji  of  greater  occurrence,  produced  as  it 
fteeni.s  by  high  temperatiure  of  the  year  and  by  &j  summers. 

Piff'  i  ent  experiment*  have  proved  that  'Jonie  proposed  means  of  presenting  tim- 
ber against  the  ship-worm  are  only  useiul  for  a  snort  time,  or  even  not  useful  at  all ; 
laeh  are  mixtnies  of  fine  fragments  of  broken  glass  and  ^t,  diiferent  oil-paintings 
ind  the  like;  nich  is  also  the  imbibition  with  different  wdutions  of  salts,  sulphate 
of  copper,  acetate  of  lead,  and  other:*.  The  be«t  success,  on  the  contrary,  yet 
obtained  was  by  creosotiug  timber^  a  result  also  obtained  in  this  country,  as  is 
itAted  in  the  'Proceedings  of  the  Institution  of  tJM  Engineers.'  I  think  mysdf 
ibrtunate  in  having  the  opportunity  of  placing  the  book  I  nave  brought  with  me  in 
liie  hands  of  a  Member  or  this  Association  who  has  such  a  great  knowledp-p  of  a 
subject,  to  the  elucidation  of  which^  in  a  j)ractical  point  of  vie^  the  Committee  of 
the  Academy  of  Amsteidam  has  giren  its  coDsdentions  and 
ilioiL 


On  the  Devekpment  <^  Pyrotoma.  By  Professor  Huxlky*  F,ILS» 


On  the  Nature  of  Death  frotn  the  Admhiislration  of  Ay^rrsfheticSf  especialltf 
Chlorojonn  <nid  Ether^as  deserved  in  Hospitals,  Bxj  Chakles  Kidd,  3i.2?. 

The  author  iiaving  collected  and  tabulated  lU)  deaths  from  chloroform,  'I'i  £rom 
ether,  end  8  from  am^rlene,  believes  himself  to  be  in  a  position  to  oibr  some  ex- 

planstion  orthes»e  accidents. 

Of  theti*'  YX\  deaths,  tX)  occurred  in  male  patientl*.  and  43,  or  less  than  luiir  tlist 
number,  in  ft-malus,  thouj^h  anaesthetics  have  oeen  largely  used  in  midwifery  practics» 
Such  occurrences  are  very  rare  in  children. 

Frnm  *J '0,000  to  .100,000  opt-rations  of  all  kinds  have  been  performed  undrr  tli^ 
influtiucu  ot  Auieiithetic8,  and  chietiy  of  chlorolonn,  and  in  some  huudredit  of  wrexo 
cases  the  patient  ha.s  been  more  than  an  hour  in  a  state  of  de<>p  ancestheeia.  lu  all 
these  ktt«;r  cases  not  a  single  well-attested  instance  is  on  recoid  in  whioh  death 
has  taken  place  from  simple  etoppag?'  of  \\w  ruiictions  of  lifi-.  or  nnrrntiNm  of  the 
siTBtem  by  the  chloroform.   Fiuiy  80  per  ceut.  of  all  the  deaths,  and  nearly  all 
woio  from  chlmofonu,  hare  occurred  from  trivial  operations,  from  Tery  smidl  dose% 
and  miM»^f*%^-^^  the  aua>sUietic  had  ftroduced  its  fidl  effect.   The  author  dsss 
not  CT,  t)ut  of  iiiy-fir/ 'f^tb  cannot  occur  in  the  human  pidiject  from  bm^'-con- 
^icripiion  of  ihePcrof/ir/'hlorofomi,  but  oulv  that  it  has  not  been  observed  to  do  so 
that  the  tsrsnt  was  eiong:  seems  piohaMe  that  when  aaiMtheili  ii  onee  MtiMiahdl  in 
in  Slenopt,  and  the  !>tutcn.^ect,  r^irat    \  action  is  diminished,  and  thebftathiflf 
«•  The  tarsal  bon^s  were  of  '^esds  on  «i  diminished  scals^  aluost  as  it  does  ill  llie  CMt 

tariiu  wai  elongatedj  is  ieco 
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of  hybernatirig  mammals.  On  the  otlior  hand,  if  reapiration  hy  fresh  pungent 
chloroform,  vomited  matter,  &c,  be  diHturbod,  alight  spasm  of  the  glottis  may 
take  place  through  the  leeumnt  laryngeal  nenres.   This  oeeon  oMamonally  in 

strong  ftud  lipalthy,  but  nervous  subjects,  and  f'-^ptM/inlly  in  trivial  ra^eR ;  and  the 
occurrvnc*'  of  death  in  such  instances  from  a  tew  drops  of  chloroiorm  is  to  be 
attributed  to  this  disturbance  and  {jtoppagv  of  the  respiratory  muscles  at  the  end 
of  the  irritant  or  second  stage — this  being  the  dangerous  p<aiit  in  adttiinistntion  of 
chloroform.  It  v\ny  bn  cnn  id  red  almost  as  an  establifher!  laiv,  that  pntients  suf- 
fering  under  old  disea^  and  severe  nerrous  irritatioa  or  neurali^ic  paiu  bear  diio- 
reform  best. 

Dr.  Kidd  thinks  that  statistics  fyt  fliture  UM  tnf^t  to  be  eauonined  in  tvN  o  wnyit 

first  inductively,  and  then  by  compfirinij  thr  neveral  groups  of  fRctf?  rnllvclcd,  and 
deducing  from  them  conclusioiis  applicable  to  practice.  Single  positive  mstances  " 
leadoDljtofidieooiiduaioni.  Though  a  single  iaatanoe  in  a  ease  ctf  pure  phyriMl 
■eianoa  mav  be  all  that  is  reqoidite,  as  in  the  case  of  measurements  ik  lUionuc  ele« 
mentif,  angles,  &c,  this  is  not  the  cfw>  in  po  complicated  a  matter  as  the  one  under 
diacussioni  in  which  it  is  necessary  to  geaeraUzei  not  from  single  fiACtSy  but  from  a 
eompariMMi    group^  of  faeli. 

In  surgical  practice  under  chloroform  we  have  to  fear,  not  so  much  deep  insen- 
sibility a*?  the  production,  first,  of  apnea  from  nmwular  inaction,  or  spn.«m  of  the 
parts  of  the  iieck  by  irritation  of  the  excitu-motor  respiiatory  apparatus.  The 
deaths  from  dilorofonn  raaj  be  ptored  to  be  of  an  accidental  character,  and  wa$af 
deaths  during  operations  are  cuarirod  to  chloroform  which  would  have  occurred 
equally  before  chlorofomi  was  used,  and  would  then  have  been  put  down  to  some 
otner  cau^e.  Fur  iustauce,  of  4^  deaths  reeonled  by  Dr.  Snow,  6  were  attributable 
to  fright.  Those  wbidi  leallj  IbUow  chloroform  commonLy  oooor  b^jre  the  ope» 
ration,  and  '^-Mimi  nr  never  as  the  result  of  a  Inn^  tedinm  opcmfion  :  of  85  deaths 
which  have  be€u  clik»siiied^  9  were  cases  of  delirium  tremens,  and  of  the  remaindec 
not  one  jfoUowed  a  oajpital  operation. 

The  fiict  also  that  m  300,000  operations  of  aU  Idnda  ohlonifi»m  baa  saved  from 
0  to  10  per  cent,  of  lives,  as  held  by  Prof.  Sifiip<ion  my\  the  nufhor,  r1--o  (oinls  to 
prove  that  the  cause  of  deati^  at  least  in  hospitalS|  is  of  au  accidental  character. 
Fwom  agenoial  sunroy  of  the  nct^  the  author  nnds  that  the  deatha  from  chlorofomi 
•10  all  BuddeHi  and  many  of  the  nature  of  "  fit."  Chloroform  has  a  powerful  irritant 
action  upon  the  pneumogastric  nerve;  and  it  is  found  that  a  similar  irritation  by 
electricity  causes  vomiting  and  stops  the  action  of  the  heart.  Hence  syncope  may 
possibly  occur,  if  tUa  imtati<m  or  (tetanoid  ?)  apnea  of  iho  loipiratonr  mntcdai 
and  laryngeal  nerves  be  reflected  to  the  heart  tlu'ough  the  cardiac  nerv  es  o^  the  same 
pnciimogn.stric  trunk  ;  tliia  mode  of  death  is  most  remarkable,  for  instance,  under  the 
aaalogous  agent — amylcne.  The  geuurtd  eii'uct  of  the  introduction  of  chloroform  into 
anxgioal  practice  has  been  good ;  and  where  it  acts  badly  the  auth(Mr  believes  that 
the  cause  may  often  be  found  in  tlie  tendency  in  patients  themselves  to  «1f  frr  ,«nb- 
mitting  to  an  operation  till  too  late.  Upon  a  com^rison  of  the  present  surgical 
death-rate  with  that  of  1846  immediately  before  the  introduction  of  chlorofonn,  it 
appears  10  per  cent  lowwr;  and  further,  of  the  deaths  which  have  taken  place, 
one-fotu'th  nave  been  in  persons  who  have  prcrionsly  taken  chlorofonn  without  ill 
efiect.  Both  these  ^ts  support  the  author's  view  of  the  acddeutai  nature  of 
death  from  obloFolbinit 

The  het  of  death  from  ehk»oform  occurring  in  alis^t  opeiationa  and  aarlv  in 
the  admini.'ftration,  has  been  remarked  1)y  nil  the  chier  r»b*f'rveri=,  viz.  MAT,  Rf^bcrt 
of  Paris,  DeaonvilUeis,  Paget,  bnow,  and  lirowa-»5eq^uard.  The  opmiou  that  this 
ia  due  to  disease  of  the  heart  ia  erroneous.  In  moat  fatal  eaiea  the  heart  haa  not 
been  found  diseased.  Thus  in  4  cases  in  IjOndon  hospitals,  the  post-mortem  ex« 
aminations  of  which  were  attended  by  the  author,  the  heart-fibres  were  examined 
and  found  healthy,  though  one  of  them  (at  Guv's)  was  reported  in  the  medical 
Joomala  aa  a  marked  ease  of  Ihtty  heart.  In  18  oeatha  reported  in  Jonmala  ^iHtlah 
presented  8onie  a  i.><ible  lesion,  .*?  only  showed  diseased  heart.  Again,  in  24  deaths 
nrom  ether,  the  cause  appears  to  have  been  extreme  hebitnde,  niu.scular  relaxation 
and  exhaustion,  and  in  some  coa6e<^uent  hemorrhage  following  operdtions. 

On  the  other  hand*  namenHis  j^Uunts  known  to  have  diseased  hearts  have  taken 
ehkiolbtai  without  any  btd  mull*  mi  m  hoadfeda  of  aniaala  death  haa  been 
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observed  to  take  place  through  the  !vfr|>imtnrv  nm«el(v^  first,  the  honrt  gtifTrrin^-  as 
a  mere  consequenco.  There  have  bet u  probably  100  denths  from  chloroform,  ftnd 
twice  as  inftiiy  patients  wxved  from  impendiiif^  death  by  the  proper  ii8e  of  reston- 
tives,  the  chief  of  -which  is  artificial  rospiralion,  whirli  "wakes  up"  th<>  ri  ,«pinit('ry 
musclca.  Thes<?  restoratives  have  been  directed  so  tis  to  excite  the  reflex  nudi"es»pi- 
ratorr  systcni  of  nerves.  Some  patients  have  probably  been  lost  by  means  n?ed  on 
the  theorj'  of  fatty  or  obstruct od  ht  ai  t.  Intoxication,  deliriuDi  tn  tiu  iis.  nnd  hystem 
all  contraiiuHcatc  the  use  of  chlorofonn ;  and  it  was  al*o  found  durin;^  tlio  Crimonn 
war,  and  more  recently  at  threo  aeveral  seats  of  war  in  Italy,  that  nen  ous  fright- 
ened pvSBcmen  were  particularly  bad  subjects  for  it.  Axiy  condition  of  Timent 
emotioii  (**  exaltation  of  sensibility  ")  would  appear  to  apfiroach  that  etate  which 
causes  sna.^m  of  the  glotti.^,  tracht'lipmus,  &c.,  whilr  dcprefpintr  emotion  ffrifjht?) 
may  leaa  to  syncope.  Dr.  Snow  does  not  eeem  to  have  noticed  the  efl'ect  of  delirium 
tnniflaa;  Imt  in  06  fatal  caaes,  collected  trr  the  autiior  in  the  ]Mwpita]a>  9  appear 
dne  to  i^  or  to  intoxication ;  the  mischief  is  probably  owing  to  the  eeireiiBal  hemi- 
aphercs,  medulla,  and  reflex'  system  in  the  spnml  conl  iM-in]?  w(»akened  bv  alcohol. 
In  4  well-authenticated  cases  the  hetut  was  still  beating  after  respiration  had 
eeased ;  this  is  also  very  often  seen  in  experimente  on  animiua ;  and  prolMbly  ofaeeiw 
vation  nnly  is  wanting  to  cj^tjildish  the  nioro  frequent  occurrence  of  this  pheno- 
menon in  man.  In  the  authors  opinion  Ik  art  is  one  of  the  my  last  orffam 
which  is  depressed  by  chloroform,  and  tJiis  fact  it  is  which  renders  it«  use  compa- 
ratively safe.  He  fenrs  rather  the  implication  of  the  "reapiratoiy  tract."  The  emcf 
conclusions  at  which  Dr.  Kidd  arrives  are  nj^  follows : — 

1,  Ether  is  little  if  at  all  superior  to  chloi-ofonn.  In  "  ethermixturcs  "  the 
eUier  is  first  inhaled  pure.  Ether  causes  the  pulse  to  intennit,  and  is  to  bo  avoided 
where  we  fear  excessive  li«morrha<re  or  muscular  relaxation  ;  but  in  dislocatioof 
and  in  midwifery-  it  has  fome  points  in  its  t'inour,  l)ut  >f  in  a  mixture  with  chlctfO- 
foim.   Ether,  too,  iu  a  sick  room  may  take  fire,  but  chlurofcrm  docs  not. 

%  There  is  less  reason  to  fear  the  cffisct  of  anesthetics  in  women  and  children 
and  in  severe  operations,  than  on  robnat  men ;  cspeciiUlv  if  given  to  the  me  of  intoxi- 
cating' liquors,  or  when  the  operation  is  connected  wfth  tendinous  parta^  in  which 
cases  syncope  often  follows  when  no  chloroform  is  used< 

8.  Hospital  experience  tenda  to  prove  that  cUoroform  ia  leaa  dangerous  in  pro* 
portion  ns  the  operation  for  which  it  is  used  is  more  sever<\  Wben  once  the  pal- 
pebral conjunctnn  is  insensible,  there  ii*  a  period  of  safety  during  which  there«pini- 
toiy  action  is  diminished  like  that  of  hyberuating  mammals ;  the  heart  remains  unaf- 
feeled,  hut  the  pulse  becomes  larger. '  The  many  instances  in  which  thia  baa  been 
seen,  seem  to  ovei"])ower  isolated  cases  of  death  mmi  diseass^  d  heart  and  eUorafonD^ 
and  sliould  encourage  hopeful  views  on  the  use  of  nna  sthetics. 

4.  Idios^Tirrasy  has  probably  little  or  nothing  to  do  wit  li  death*  from  aniBsthetics, 
if  we  omit  liabits  of  intoxication,  hysteria,  and  tendency  to  "fits."  Thus  re- 
peated trials  of  chloroform  ("  iriuh  (T  vssm^^)  on  a  palaentareamiatake,  aodnowiao 
affect  the  chance  of  his  safety  on  any  given  occasion. 

&  There  are  two,  or  perhaps  threw  modes  in  which  onicsthetics  may  cause  death, 
and  which  require  watching,  (a)  I'Jther  may  do  so  at  some  uucertnin  interval 
of  time  during  the  first  twenty-four  hours  affrr  an  opemtinn.  (^)  Chloroform  in- 
stantly, by  an  action  on  the  laivogeal-rccurrent  and  double  respiratory  centre  in  the 
nneuxnogastric  nerrea.  In  hair  these  casee,  probably,  as  in  apnea  or  anphyxia,  the 
heart  is  still  beating;  and  (y)  in  other  cases  »y  sTusope  (as  a  coincid«*nce*?). 

0.  In  several  cases,  e  p.  thoso  of  delirium  tremens,  the  deatli  pn»bnblv  occurs 
because  ordinary  restoratives  fail  to  act  in  consequence  of  the  imperfect  retlex  ner- 
vous system ;  but  in  cases  of  impending  death,  we  are  to  have  recourse  to  artificial 
respiration  by  pressure  (rather  than  the  Marshall  Hall  plan),  since  this  also  acts 
upon  the  engorprincr  cn^nties  of  the  heart;  tracheotomy  if  we  hare  ren'on  to  fmr 
spasm  of  the  glottis  or  a-^phyxiaj  sudden  dashing  (not  too  long  continued)  of  cold 
water;  fanning  of  fresh  air  on  the  face,  &c. ;  but  as  the  spasm  may  snhside,  we  are 
not  to  do  too  much  at  first.  A(  iipnnclun?,  f|ni<  l<ly  done,  of  the  muscles  ofthene<-k 
is  n'commended  in  order  to  irritate  the  spinal  accessory  and  phrenic  nerve,  but  not 
the  eighth  pair;  and    Faradisation    here  also  is  most  ^alua!ole. 

7.  Our  experience  of  oxygen  gas,  common  gah  tii  ai,  &c  aa  restorativea  is  not 
cooooiaging  at  pieaeat  Ii^ectioa  of  port  wine  into  the  rectum  ia  bettCTi  or  the 
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tmnsfu.«aon  of  nnv  ■^impl"  faline  ihiid  into  the  voins,  n.='  has  been  tried  in  the  caae 
of  animals  poi&oucd  wiiii  c  hlorofoiin,  and  as  iu  tLo  aiialogou.'i  collapse  of  cholera. 


On  a  Ilydro-spirameUr*   By  Dr.  Lewis. 


Oil  the  DeveiopmerU  ^Buecinoin.   Bi/  John  Lubbock,  F*R,S^  F,L,S. 

In  the  year  1851  MM.  Korcii  nnd  PnuiflHstn  jmhUshtMl  n  nirinoir*  on  the 
DcTclopnient  oC  tin-  Eggs  of  liuccinum  undatum  nnd  I^irpura  iapiUus,  in  wliich 
they  pave  lui  iiittrestiug  account  of  the  devclopmeut  of  the  young  niollu«ik:>,  and 
especially  excited  8iir|Nnie  of  natmaliets  hj  oertain  statemento  regarding  the 
amalgamation  of  pcTernl  (^fr<rs  to  form  one  ombry'o. 

The  two  above-mentioned  species  produce  peculiar  capsidas,  ench  containing 
several  hundred  eggs.  The  capsules  of  Purpura  are  bottle-ahaped,  those  of  Buc" 
CNMim  me  like  a  round  cushioo,  and  are  attached  to  one  another  in  clusters,  and 
fastened  to  rorV.-^,  '!i»  lls,  or  sea-weeds.  Often,  however,  they  are  detached  and 
thrown  up  on  the  shore,  so  that  they  arc  familiar  to  all  thoee  who  ever  walk  along 
the  boadi  near  high-water  natk.  "Hie  egg-capsulea  of  Pwpura  axe  attached  aingly 
to  the  lodn.  It  waa  abeadv  Imown  tha^  although  each  capsule  contdned  a  gnat 
number  of  egga,  only  a  amail  Bumber  of  embryoa^  fifom  fifteen  to  thirty,  came  to 
maturity. 

MM.  Eotoi  and  Damebaen  gave  a  veiy  extraordinaxy  account  of  the  phenomenoii. 

According  to  them  the  eggs  grouped  themsrh  rs  in  nm^f^i-s,  round  which  a  common 
skin  was  formed,  and  thus  numerous  ovri  f  oTubined  to  form  one  tmbri-n.  This 
account  of  a  process,  so  different  from  that  witli  which  wo  are  familiar  in  other 
4^iiinial«^  was  not  likely  to  pas8  long  without  either  conftnnation  or  oppoeition ;  and 
accordinfrly  Dr.  CarpcMilort,  having  studied  the  d-  a  i  ;npnicnt  of  tlie  cfrf^fli  Purpura 
lapiUus,  disputed  some  of  the  statements  made  by  MM.  Koren  imd  Daniel&sen,  pave 
a  verj-  dilierent  explanation  of  the  whole  phenomenon,  and  added  the  high  authority 
of  Messrs.  Busk  and  Huxley  in  confirmation  of  his  view. 

Dr.  Cnrpentrr  had  no  opportunity'  of  making  any  olj>*ri  \  ntions  on  the  embrrology 
of  2iu<xinum,  but  he  conAmced  himaelf  that  the  egg-capsules  of  Purpura  laptmu 
eootain  two  sorts  of  bodiee,  namely  true  egga  and  yolk-epheveay''  which,  however, 
an  at  first  undistinguidiable  firom  oiu-  another.  After  a  while,  however,  ''all  the 
egg-like  bodi<'.=>  in  the  capsule  begin  fc  show  signs  of  cleavage.  In  the  grenter  part 
of  then^  the  two  scgrneuta  produced  by  the  first  cleavage  are  eaual,  or  neaily  so ; 
and  earn  of  theae  ngain  aaboiyidaa  into  other  two,  which  an  alike  equal after 
which  the  diviiion  bi  ionies  irregular.  These  are  the  so-called  "yolk-spheres." 
Some  few  of  the  egg-like  bodies,  on  the  contrarr,  divide  into  two  tmequat  segments. 
Theae  are  the  true  (>'^irs,  nnd  each  eaibrvo  takes  ii6  origin  from  one  of  these.  The 
cnihryo  then  devrlo^H  >  i^  pidly  in  itsel/a  central  hollow  or  stomach,  a  wide  ceao- 
phftgns,  and  two  lobo.s  covcn-d  witli  cilia.  It  then  connnenci'S  to  stcaflow  the  yolk 
matter  around  it,  nnd  tliis  is  the  ren.«on  that  the  number  of  embryoa  iaaomuch 
smaller  than  that  of  tiie  egg  nnd  yolk-spheres. 

MM.  Koren  and  Dimielsscn  by  no  means  gave  up  the  ir  theory,  bnt  after  repeat^ 
itip^  their  oh>seri"ations,  they  reiterated  their  statement'*  J,  givinp-,  Iiowevrr,  it  mi;-t 
be  cuufess4>d,  figures  much  more  nearly  resembling  those  of  Ur.  Carpenter  than  the 
ones  contained  in  their  first  memoir. 

Finally,  Dr.  Cnrpenter,  in  the  'Annals  and  Magazine  of  Nat.  Hist.'  for  1857,  hat 
publishtnl  some  furtlit  r  r- ninihs  on  tlio  fiuhject,  and  adds,  in  nddition,  the  testimonj 
of  Dr.  Dvster  to  the  truth  of  iiis  assertions.  This  is  the  present  state  of  the  ques- 
tion; ana  conaidering  how  common  an  the  egg-canaulea  otBueeutumf  it  is  remark- 
able that  no  one  haa  teated  MM.  Koran  and  I)anifliawn*a  atatementa  in  wferanoa  to 
that  genus. 

The  whole  subject  ia  one  of  great  interest ;  and  though  I  could  not  doubt  the 
truth  of  atatomenta  made  from  independent  obaerrationa  by  four  audi  excellent 
authoritiea  aa  Meaan.  Carpenter,  Buak,  Unxlej,  and  Dyater,  yet  MM.  Kosen  and 

•  Bitrag  til  Pi  I  tiiubrantliiemc^  t'llvikHichistoirc.    I  have  not  saan  the  OT^linal  WOrk 
hot  there  is  a  trantslation  of  it  in  the  Ann.  dea  ix.  Nat.  for  1852. 
t  Qnartarir  Journal  of  MjcroBooirioal  Sci«noe»  toL  iii.  p.  17. 
^  Fauna  Uttoralia  Vwn^  tuL  li. 
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T>ftn7plp<'pn,  though  wrong  n"  to  Piirpttra,  might  still  he  quite  correct  in  the  case  of 
Buctinumt  and  I  was  very  anxious  to  repeat  their  ubservationA.  It  could  not  b« 
denied  tut  it  wu  d  twwi  probable  th«t  what  wbs  true  vH^trpntniu  would  alao 
apply  to  Bueeinum.  Still,  if  I  had  any  bias,  it  was  in  favour  of  MM.  Koren  and 
Danielssen.  Many  insect*?  present  us  with  a  caae  in  many  rf's])frt  <  parallel.  In 
Lepidoptera,  lijmenoptera,  Diptera,  Neuroptera,  and  the  Geudcphagous  beetles, 
eaeli  e«  ii  MseomMiiied  by  several  iritsUigenoiM  eeUs,  or  aa  we  might  coll  them  in 
the  woras  of  Dr.  Oarpentor,  yolk-spheres.  Aft^r  a  while  the  walls  of  llie  vitelll- 
genous  cells  disappear,  and  the  whole  trf  njp  unit*  s  to  form  an  rtrtr.  Here  we  have 
undoubtedly  a  certain  eimilaxity  witli  thai  wiiich,  according  la  Koren  and 

Btnielssen,  occurs  in  Ihtnmro  aad  Bueeinum. 

Burn'nutn  undatum  luus  oeen  stated*  to  lay  its  eggs  from  the  be^nnninpr  of  .Tnnuary 
to  tha  end  of  ApriL  On  our  south  coast  of  England,  however,  it  begius  earlier,  for 
1  fbtmd  some  freah  onee  at  Brixton  last  Novemoer.  1  was  not  then  able  to  examine 
tium  witik  much  care,  but  in  f^sbniiiy  last  I  received  from  ICr.  Llovd  two  packets 
6f  egg-ca|^tnlo%  m  wJueh  I  have  lucoeeded  in  tiwang  the  deYiJopiiiMit  ctf  tii* 
ewMToa. 

Wmb  I  leeehred  tfatm,  tiie  gwmiiiil  Teeide  bad  afaefedy  dbappeared,  and  Ibft 
eras  consisted  of  yelk-particles  immoned  in  %  viscid  substance.  AoowdiuK  to 
mS\.  Knvm  and  DanieUsen,  each  egg  is  surrounded  1>v  n  chorion  and  a  vitelline 
membroue,  but  I  was  as  little  able  in  the  case  of  Bueeinum,  as  Dr.  Carpenter  was  in 
Hut  otA^pura,  to  diiOOTer  any  traoe  of  tiieee  etiuctiuei;  fud  I  think  I  eaa  Mifely  say, 
from  the  appearance  of  the  e^gs,  and  from  their  behaviour  when  crushed,  that  they 
were  surrounded  by  no  definite  meml)ninf».  Many  of  the  eggs,  indeed,  rp«**»nibled 
MM.  Koren  and  Danielssen's  fig.  16  (Ann.  dea  Sc.  Nat.  1862,  voL  xviii.),  m  which 
4  tilick  outer  meadmuM  ii  apparentlv  present  f  but  thia  arieei,  will  be  pweitly 
drKcribod,  from  a  cottdainatMn  oC  tJw  yelk-partjolee  leaving  a  dear  bovdlnr  ci  m$ 
viscid  substance. 

The  preecnce  of  a  vitelline  membrane  certainly  seems  to  me  improbable,  but 
about  tno  so-called  chorion  I  am  mora  doub^.  MM.  Koren  and  Xtamielseen  nun* 
tion  (/.  r.  p.  258)  that  it  rnrlv  tlisappenrs,  and  this  majrlUKVO  alVBidj  takm  pliM 
in  my  8pecinienB  as  well  as  in  those  of  Dr.  Carpenter. 

The  eggs  in  my  egg-capsulei  did  not  coaleeee.  Ther  ooUeoted  oertainlj  in  a  heif^ 
but  they  ronained  quite  separate  from  one  another,  and  showed  no  tendttic^tiivnitB* 

Verv  few  phowed  any  tmrf*  of  pojrnientation.  Tn  this  respect  mv  nfisprvftf 
00  iar  ae  they  go,  are  q^iute  in  accordance  with  those  of  MM.  ikoren  and  Danieiasea. 
Iteo  li^  howerer,  alwnye  a  oertsin  amount  of  an^ielim  alladiod  to  negativ*  ovi* 
daBoa»  and  it  ^eema  d  priori  very  improbable  that  Jlaywa  and  BveeinHmy  which 
a^re^  no  closely  in  most  pointa  oonnected  with  thair  nnbiyologjy  ahonld  diffiv  in 
euch  an  important  matter. 

Dr.  Carpenter  oonddan  that  the  aapralea  of  ISinmrm  oontain  two  tortaof  egg- 
like  bodies,  which,  howem,  eao  ba  dirtinggfahad  mm  ona  anotlMr  oidy  hj  min 
modes  of  segmentation. 

I  was  not  able  to  perceive  any  difference  in  the  eggs  of  Bueeinumf  exoept  that  in 
aMBO  tha  yolk-granulee  were  condensed,  so  as  to  leave  a  margin  of  tha  dear,  glairy 
labfitanrn  ;  but  it  mxM^t  hp  rrmcrabered  that  in  each  rap'-ule  (inly  a  ver>'  few  egg'? 
undergo  segmentation  at  one  time ;  and  the  proceiu  appears  to  be  altogether  so 
irre^tuar,  that  my  obsen-ations  do  not  enable  mo  to  come  to  any  satisfactory  cm- 
dusion  on  tUa  point  It  would  ba  desirable  to  inveetigate  the  formation  of  the 
egg?"  in  the  ovary,  bcth  of  Bueeinum  and  Piir]}>n-ii.  in  oraer  to  detennin^  A\  hptli^r 
or  no  they  are  tJl  origuially  alike,  and  if  not,  to  determine  the  points  of  diil'ereuce. 

It  wottul  also  be  well  worth  while  to  aacertain  the  feUtion  woich  the  segment*- 
tion  of  tha  yolk  baav  to  the  development  of  the  embryo. 

It  is  so  gen»*rfil!v  ]>re?ent  throug-nont  the  animnl,  mv\  fippfir«^ntlv  nnirrrial  in 
the  Mollnsca,  that  strong  evidence  would  be  required  to  show  thai  Muecinttm  fonns 
any  exception  to  the  generd  mle;  and  yet,  aa  lar  aa  my  obeemdona  want,  tha 
process  certainly  secmod  to  be  subject  to  oonddavable  irregularities. 

The  whole  subject  of  yolk-!*egmentatiou  is  one  of  ^nent  inten  st. 

Among  the  Entozoajit  appears  to  occur  in  certam  species  ol  ^roM^v/M«,  AscariSf 
Chrdiut,  Henma,  and  Behimtr^jfliekiit,  $md1mia»m,  fU&ttkbt^  and  ^diwWiirMi. 

•  JtiuL  dee  Bo.  Nat,  A  e.  ^  m 
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y&n  Benedeu  aaserta  that  it  occurs  in  the  CestoicU  K^nerally  j  but  this  is  denied 
by  Kolliker,  u  ftr m  eoncemBTmrntadBoAriocephim*.  Thereia  a  similar difflif^ 
•noe  of  opinion  as  refrard>  CumUamts  elegam,  in  which  species  Siebold  (mlaled, 
according  to  Kollikor,  by  tlif;  large  size  of  the  two  primary  embryo  cella)  supposed 
that  there  was  a  true  seifuicutation.  The  figure  nven  by  Kolliker  suihciently 
ezplaina  how  tuch  « nuatake  might  have  occurn>d  *.  v an  Beneden  also  denies  lluil 
an^  segmontntion  occui's  in  Echinurhunchus,  a  difference  of  opinion  which  may  have 
aneen  from  differeut  speciea  having  been  examined,  since,  while  segmentation  has 
been  observed  in  Aseam  mfftovenota,  acummatOf  $ueci»a,  oteulatOf  UAv^Of  hrrni^ 
eaudaUtf  Sec,  it  appears,  accoraiug  to  Kolliker,  to  be  absent  in  Ascaris  denUiitk  It  i| 
evident  thi-retbre  tnat  this  species  cannot  be  naturally  included  in  the  same  genus 
«•  the  others,  and  that  the  two  groupsi  however  similari  are  in  reality  very  xemot4 
ftom  one  snother. 

QapyMTW  ambufua  and  Gyrodadylut  have  been  also  asfltited  to  develope  without 

yolk-segmentation,  though  in  the  cose  of  the  latter  there  appears  to  be  some  doubt 

In  the  ^\jmelidj  it  has  been  observed  in  rolunoe,  ExogoiUf  C^qmne,  Ifigthdii, 
PirMa,  Mermelia,  kc,  and  ia  not  known  to  he  absent  in  any. 

It  has  also  been  observed  in  the  Tardigradft  and  in  Laoinulaiia.  Among  the 
Articulata,  it  has  been  noticed  in  Nicothoe  by  Van  Beneden,  in  Diapt4imu$  and 
Cyclops  by  Claua  (which  I  also  can  couhrm).  On  the  other  hand|  in  Inaectsf  and 
iMphnia  I  hare  sought  for  it  in  yain,  and  it  is  unmeotioned  by  Rathke  and  Henddl 
in  their  works  on  the  development  of  Ascllus,  Onisctts,  Astuctts,  and  the  spiders. 
thou>,'h  in  the  two  latter  cases  it  may  perhaps  be  represented  by  the  dispezaion  and 
reunion  of  the  "  Keinischeibe." 

Among  the  MoUusca  it  has  been  described  in  Act<son,  Aplysia,  JEoHiSaf  DtHkiUiimf 
DorUf  Ltmax,  LinuueOf  IHannrbis,  Teredo,  Teryipm,  3)ritotti«tf  &C 

Among  the  Biyoioa  it  occurs  in  AlcyotieUa, 

In  Sa^  it  has  been  ohsenred  by  Kolliker,  while  in  Pyrotoma  it  woold  appear, 
according  to  the  recent  rescarcllbs  of  Huxley,  to  be  impossible. 

All  this,  however,  is  a  digression,  and  I  must  return  to  my  Buccinum. 

The  egg-capsules  were  sent  to  me  on  the  lUth  of  February,  at  which  date  the  egga 
in  moat  mm,  were  difihae,  though  in  aome  they  had  wnadj  bmn  to  eolfiet 
together.  At  this  time  no  embryos  had  appeared.  On  the  20th  the  eggs  woe 
more  closely  compncted,  and  each  capsule  contained  from  five  to  twenty  embryos. 

The  eggs  now  adliercd  together  m  a  more  or  less  compact  mass,  but  showed 
no  tendency  to  amalgamate,  and  were  very  eaaily  separable  ftom  one  another  by 
the  point  of  a  needle.  Imbedded  in  and  about  the  mass  were  the  embryos ;  the 
smallest  consisting  apparently  only  of  a  clear  substance,  surrounding  the  almost 
luialtered  yolk,  and  having  on  one  side  an  enormous  orilice  or  mouth  leading  into 
a  central  cavity.  The  more  advanced  embiyoB  sJready  ahowed  traoea  of  the  ean 
and  tlic  snlivnry  glnnds,  and  began  to  swallow  the  other  eggs  wliolo.  In  spite  of  a 
careful  search,  1  never  foimd  nny  collections  of  eggs  simply  surroimded  by  a  mem- 
brane^ as  described  by  MM.  Koreu  and  Uonielssen  and  figured,  /.  c.  fi^.  17.  Embryos 
containing  mate  than  three  or  four  eggs  always  possessed  tne  salivary  g^anda  and 
atidit(iry  orgnns.  Ncvei-thelcs^,  were  Messrs.  iCofsn  andBanielasen'a  tlMMuycomoly 
jsuch  mas.ses  ought  to  be  tolerably  frequent 

Nevertheless,  the  young  embryos  were  so  voracious  and  swallowed  so  manv  other 
e^gB  that  they  became  greatlv  djstended,  and  on  a  superficial  view  appearea  some* 
times  as  in  5lM.  Koren  and  T)aniels.Hfii'8  tig.  17  (Ann.  des  Sc.  Nat.  1852,  pi.  5). 
By  turning  these  over,  however,  with  a  little  care,  the  ciliated  lobes  could  saways 
Jbe  diacovered.  At  thii  period  also  the  eggs  aometimea  adheiad  together  ao  as  to 
form  rounded  tnaeaea;  bnt  in  auflh  eaaea  they  were  quite  separate,  were  surrounded 
ty  no  membrane,  and  were  easily  separable  from  one  another.  Nevertheless,  if 
masses  such  as  those  described'  and  figured  by  MM.  Koren  and  Danielsaeu 
fonned  one  atage  in  the  normal  development^  it  ia  very  nniikdiy  that  I  ahoid4 
ntver  have  come  across  a  single  specimen  in  this  stage. 

Moreover,  even  in  the  smallest  embryos  we  see  already  a  broad  cesophagus,  and 

*  Tan  Beneden  appears  also  to  havs  iaUsn  into  the  same  siror.  See  Hteu  sur  las  Vsit 
lnt«0tin(iux,  p.  27u,  1868. 
t  ]>uck»rt  supposed  that  he  had  fowMl  it  in  IMgtwa,  but  hi  wiadiw^^ 
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amoutli  80  larp-c  that  a  needle  can  easily  be  introduced  into  it.  If,  however,  the  in- 
crense  of  size  bu  simply  by  imbibition  through  the  skiu,  theae  would  be  of  uo  um. 


peuter,  the  yolk  ia  swallowed  particle  by  particle  j  iu  liuccinum,  on  the  coutnunTi 
the  eggs  not  baring  undergone  any  segmentation,  ore  swallowed  whole,  and  the 
pvooeeB  of  deglutition  is  therefore  probably  lc9^  rapid  and  more  easily  seen.  The 
presence  of  yolk  matter  in  the  resophacru^  of  Purpura  may  also  be  more  plausibly 
ascribed  to  accident  than  in  JJuccihum,  where,  from  thu  large  size  of  the  egg  com- 
pai«d  to  that  of  the  embr^'o,  it  cannot  take  place  without  a  oonslderaUe  tension  of 
the  oesophagus,  and  the  swallowing  must  therofore  apparently  he  a  woik  of  aome 
little  difficulty. 

M.  Milnc-Kdwarda  suggests  (Ann.  desSc.  Nat.  /.  c.  p.  2ii)  that  the  80-called  egg* 
are  probably  only  "  des  spht^res  vitellines,  dont  renyelope  utriculiforme  pMsent^ 

un  pen  plus  de  cousi-faure  quo  d'cmlinaire,  ot  qu.-,  par  consequent,  Tn^^regat  dont 
nait  le  coips  de  IVmbrvon  est  le  rc.siUtat  du  uroupeuienf  iles  spheres  vitellines  d'un 
seul  oeuJ^  et  non  le  pro<iuitde  la  reunion  de  miisieurs  leuls  primitivemeut  distincts." 

It  will  be  Hecn,  however,  from  the  pr.  r.  aiuj?  dest-ription,  that  though  M.  Milne- 
Edwaidiwa'4  fully  iustified  iu  the  scepticism  with  which  he  regrarded  the  descrip- 
tion given  by  MM.  Koreu  and  Dauielssen,  he  was  not  equally  happy  in  his 
attempt  to  explain  away  the  supposed  anomaly. 


U^.  1 .  l^bryo  in  outline,  to  ihow  the  month  and  dmthe  oavify. 
Fig.  2.  Tooug  embiyo  in  the  aotof  swaUowiug  an  c£ 


On  the  li^luenee  of  SysiemaUzed  Exercise  an  tke  Expansion  of  ike  Chd, 

Bg  Archibald  MacLarbm. 

Exercise  is  the  most  important  agent  in  physical  growth  and  development,  inas- 
much as  it  qualifies  the  condition,  the  action  and  the  iullueuce  of  all  the  others.  This 
importanoe  is  not  always  appreciat^^d,  because  the  ell'ecta  of  exercise  on  any  part  of 
the  body  but  the  muscular  system  are  imperfectly  understood.  All  exercises  may 
be  cht«*sed  uudor  two  heads,  IN  creative  and  Educational.    The  first  of  these 


Draces  all  our  school  games,  sporU  and  pastimes,— a  most  valuable  list,  but  quite  in- 
aumetent  to  produce  the  perfect  development  of  the  body  ;— l»t,  because  the  parU 
of  the  body  ( hoscn  to  execute  the  moTements  of  the  game  are  those  whiebMa 
do  them  best,  not  those  which  need  the  exercise  most ;  2nd,  because  it  is  a  distinc- 
tove  leature  in  the  bestaud  most  ardently  practised  of  them,  that  thev  pive  a  lanre 
share  of  employment  to  the  lower  half  of  the  body,  and  but  litUo  (some  not  at  all) 
to  the  upper  half ;  and  3rd,  the  little  which  they 'do  give  is  almost  monopolised  br 
the  right  side.  The  teudencv  of  these  exercises  is  therefore  to  develope  the  lower 
half  of  the  body  to  the  exclusion  of  the  upper.  It  must  alwavs  be  remembered  that 
While  in  developing  a  limb  to  its  fiiU  power  and  perfect  conformation,  we  do  that 
and  nothing  mom;  mcievekipbgthetnmkofthebody,  we  do  thatandagiBttdsil 
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more,  we  directly  tad  in  tlie  development  of  all  the  organs  wUch  it  isontainfl.  The 
point  to  be  desired  is  the  uniform  and  harmonious  dt>%  H'lopment  of  the  pntire  body; 
Decaiue  the  strength  of  a  uum  ia  but  eq^uol  to  that  of  his  weakest  part,  while  the 
natural  tendeucTf  is  to  gaitge  and  estimate  tho  general  strength  by  the  power  of 
l^e  strongest  part  This  eqtud  devdopme&t  is  to  be  obtained  only  firom  systema- 
tized exercise,  prepared  upon  n  rlt^nr  crunpp'liPii55inii  of  what  is  required,  andba^ed 
upon  a  knowledge  of  the  stmcture  and  ascerlaiued  fuuctioui}  of  the  porta  of  the 
liodT  to  be  employed,  and  of  tiie  laws  which  govern  o^rowtb  and  deTelonment*  The 
inadequacy  of  recreative  exercise  to  produce  this  aevelopnient  is  fully  borne  out 
bv  the  frames  of  tht»  youths  who  yenrly  arrive  in  this  University  from  our  public 
schools.  x\s  the  case  now  stnutU,  every  one  who  so  arrives  here  does  so  with  tho 
upper  part  of  the  bod?  greathr  in  anears.  So  diatiuctly  is  it  in  arrears,  that  an 
average  of  2  inches  iu  girth  of  chest  is  obtainable  in  tho  very  tir.<?t  term  of  his  prac- 
tice in  the  G^Timasium.  This  mt*?  of  increase  i-i  not  sustained  beynjMl  tir^^t  torni, 
therefore  it  must  be  chielly  expansion  of  the  cavity  of  tho  chest;  and  it  uiuyt  be 
an  arrears  of  expansion,  otherwise  it  would  be  sustained^  seeing  that  the  process 
whifh  produced  it  is  increo-sed  and  ooccloratoJ  in  tho  aflvftnrin;^"  cour.<os  of  exorci-i\ 
The  operations  of  systematized  exercise  ai-e  equally  important  and  decided  in  other 
directions,  and  especuilly  in  the  rectiticatiou  of  abnormal  spinal  developments. 


On  Hfie  Artifidal  Prodwtkmi^  Bone  and  OmofUM  Grqfit, 

Bjf  M.  Ollibr. 

M.  Oilier  exhibited  some  specimens  illustrating  the  resulta  of  his  expcfime&ts  on 

the  production  of  bone,  and  summed  ut>  in  the  followinfr  propositions  : — 

1.  When  the  periosteum  is  detached  from  a  bone,  one  end  remaining  attached, 
bone  is  fonned  in  the  dixection  of  the  periosteum,  its  foim  and  sixe  being  deter- 
mined by  the  size  and  position  of  the  membrane. 

2.  After  union  has  begun  to  take  pla<'«^  between  tlio  peri o?)teum  and  the  soft  partly 
the  pedicel  ma^*  be  divided,  but  bone  will  still  coaiinue  to  form. 

'  3,lfib»  periosteum  be  removed  altogether  and  inserted  among  the  soft  parts,  it 
will  make  an  attachment,  and  boue  will  be  developed. 

4.  If  the  inner  surface  of  the  periosteum  be  scraped  off  in  party  no  bone  willfonn 
on  the  portion  so  treattjd. 

6.  If  the  matter  scraped  from  the  inside  of  the  periosteum  bo  brought  into  oon« 
tact  with  soft  jiarts,  bone  will  ))e  dex  eloped  from  the  periosteal  cells. 

0.  If  a  bone  be  taken  out  of  its  periosteal  sheaih,  new  bone  will  bo  produced; 
but  if  a  segment  of  such  sheath  be  removed,  no  bone  foniLS  iu  that  space. 

7.  If  a  bono  be  removed  entire  with  its  periotsteiuu  and  inserted  into  soft  part^ 
adhesion  will  take  place,  and  new  bone  will  be  deposited  from  tiie  periosteum  mi 
the  old. 

8.  If,  in  a  niece  of  inserted  bone,  a  part  be  deprived  of  perioi»teum,  that  pan  dies 
or  is  absovbed.  Th  is  latter  process  may  take  place  by  the  denuded  portion  becoming 
either  encysted  or  subiected  to  suppuration  ;  a  p-eneml  nile,  in  animals  thiit  are 
healthy,  and  live  in  the  coontr^Tt  the  process  of  encysting  takes  place ;  while  in 
feeUe  animals  and  those  living  m  town.s,  suppuration  ia  the  ordinary  result 


Bsperimenit  on  Mfutcuiar  AeHtmfrom  an  EkUrieiUpohU  of  view* 

By  Dr.  C.  B.  Radclivf. 


Oil  ihe  Process  of  Ojejfgena&on  in  Animal  Bodies, 
By  B.  W.  Richardson,  M,A^  iLD. 
So  soon  m  the  discoverv  of  oxygen  by  Priestley  became  nn  cstflblished  fact  in 
the  world  of  science,  inquiries  were  set  on  foot  as  to  the  intiuenco  of  this  substance 
on  animal  bodies.  The  term  by  which  it  was  long  known,  "vital  air,"  indicatea 
sufficiently  the  interest  that  was  attached  to  it  in  a  physiological  point  of  view. 
Priestley  hinH«If  made  \  arion=$  physiological  experim-'T'ts  with  oxvgen,  in  which 
line  of  icseaich  ho  was  followed  by  Lavoidicr,  Beddoos,  Sir  Humphry  iiavy,  Ilill, 
and  several  other  celebrities  of  the  declining  eighteenth,  nnd  nsing  nineteenth 
oentuiy.  From  the  researches  of  various  ezperimentalistfl^  it  had  been  oonduded 
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that  the  mUalatiou  of  oxygen  in  the  pureBtAto,  hv  giving  iwd  to  a  greater  ab^rption 
of  tha  gM,  mtM  up  an  Inereased  oxypnation  in  the  body, — ^hypercauaia,  and  inflttB- 
Bl»tory  coTiditiona,  general  and  local.  This  view,  first  promulgated  by  Dr.  B(  (Mnr«, 
•ad  followed  up  by  many  contemporary  writers,  waa  probably  the  baais  oi'  the 
ehemical  nomendature  of  diaeaae  inyeBted  by  Baumd,  in  which  disordeis  wtn 
divided  into  those  of  oxygenation,  ot  calorifiotttioii,  hydrogeniiation,  azotifiatto, 
and  phosphorization,  with  remedies  of  the  same  names  for  their  treatment 

A  second  conclusion  as  to  the  influence  of  oxygen  on  animals,  intimated  (also 
from  azperiment)  that  oxygen,  when  inhaled  in  the  pore  fbnn|  la  even  leee  aetlvi 
than  as  it  exists  diluted  in  common  air :  that,  instead  of  increanng  tibe  eODibustioa 
of  the  body  and  its  activity,  it  lessens  tnese,  and  that  animals  expofi^^d  to  it  t/v>  Ims 
die  from  coma  attended  with  a  steady  and  undiminishing  exhaustion.  The  idda 
tliat  leae  oxygen  la  abaolied  when  the  gaa  ia  breatlied  In  tiie  undiluted  etato  wae 
supported  by  Davy :  the  ^^tatonient  that  the  gas  destroys  by  narcotic  exhaustion 
was  floTibtfully  .mi^^'osted  by  Prieatley,  and  oppiilv  V»v  Bmn«rhton.  For  years  thil 
view  uf  the  queataoii  lian  beeu  tho  one  most  cuuimouiy  taugiit  in  thia  country. 

The  laat  eonolnsion  that  had  been  drawn  from  experiment  TelatiTO  to  the  effeeti 
of  pnrn  oxygen  was,  th.il  it  has  no  injurioiw  icHurnrr  on  life.  T^avoisier.  in  his  later 
experiment^  eeema  to  have  drawn  this  inference,  and  K«ignault  haa  greatly  goo* 
firmed  it. 

In  1852,  with  tkeae  ooDflietbg  data  before  him,  those  of  Regnault  only  excep4ad| 
Dr.  Richard='on  commenced  an  inquiry  into  the  whole  suLject,  wliieh  he  had  con- 
tinued, with  iutenuiasionsy  to  the  present  time.  The  author  here  narrated  his  earlier 
experimentSi  fttaa  whieh  he  oame  to  the  eonelaaioii  ^t  animals  of  actiTe  respiration, 
aa  doga,  cat%  and  pigeons,  on  bemg  subjected  to  a  constant  stream  of  fipeshly  madt 
oxyfTcn,  become  eubjoct  to  inflammation,  owing  to  thp  rnpid  deatructinn  of  thtf 
tiiiuett, — ^hypercausis.^  In  further  experiments,  he  found,  however,  that  his  rule  was 
not  common  to  all  animala;  for  nUnte  and  froga  ware  kept  hr  him  even  fbr  weehi 
in  oxygen  without  apparent  mjury.  On  the  dat%  iiumkn,  M  gate  the  fallowing 
as  the  first  major  proposition  of  hi^  papor : — 

The  influence  or  pure  oxygen,  as  au  excitant,  differs  accordmg  to  the  anim&ij 
being  moot  nuurked  u  animala  of  quiek  reepiiatton  and  high  temperature,  and  leiii 
mariced  or  nil  in  those  of  feeble  respiration  and  lower  temperature. 

Up  to  1866  the  author  had  felt  assured  that  oxvo-en,  \',1ioti  it  dostroyw  life  in  the 
■actively  breathing  auimals,  do&s  so  by  causing  a  too  rapid  oxidation  of  tissue  and 
the  to-called  inflammatory  process ;  and  he  heliered  tiiat  the  svmptoma  of  narcotism 
and  paralysis,  named  by  Brought ot%  were  duo  without  doubt  to  one  or  other  of 
two  possible  errors,  introduction  of  carbonic  acid,  or  m  ndifieations  of  the  air-pressurt 
exerted  on  the  animal.  In  18o7  ho  began  to  suspect  tliut  iiis  view  was  not  strictly 
eoneot;  hut  he  had  no  pioof  either  one  way  or  the  other  until  the  present  year, 
when  a  new  observation  opened  a  new  phase  of  the  quest  icni.  Having  made  on  one 
occlusion  for^  gallons  of  oxygen,  and  having,  by  the  side  of  the  reservoir  containing 
the  oxygen,  anoUier  reservoir  of  equal  size  filled  with  water,  Dr.  Richardson  deter* 
mined,  m  eider  to  economise  both  labour  and  material,  to  collect  the  oxygen  firoB 
thf*  supplying^  reservoir,  aftf^  it  had  passed  thmup'h  the  chamber  containing  ths 
auimaLB.  He  arranffed  aUo  to  wash  the  oxygen  in  alkaline  solution  imtil  it  wae 
free  of  carbonic  acid  altogether,  to  paae  it  over  auiphuric  acid  to  remove  any  am- 
monia, and  finally  to  charge  the  second  reservoir  with  it  and  to  use  it  a^un, 
sendini,'  it  thus  backwarda  and  ibrwaids  from  one  xeeenroir  to  the  other  until  it 
was  all  uaad. 

When  the  appaiatua  waa  complete,  he  placed  four  wann-hlooded  animals,  a  cat, 
a  dog,  a  pgeon,  and  a  rabbit,  with  two  frog^s,  in  a  large  chamber,  and  at  11  o'clock 
in  the  morning  commenced  tho  transference  of  the  oxypren,  pa-'^sinfr  it  throu>:h  the 
chambers  at  the  rate  of  2000  cubic  inches  per  hour.  In  eix  hours  the  whole  of 
the  printitiTe  oxygen,  minus  nearly  1000  cubic  Inchee  which  had  been  lost  in 
yeniration,  was  tnuisferred  into  the  nccond  resen  c/ir.  The  \;as  was  now  tested, 
ana  having  been  found  to  ^jrive  no  reaction  to  lime-water,  it  was  driven  back 
through  the  chamber  and  washed  again  thoroughly  with  potash,  to  be  received 
once  more  into  the  reservoir  number  one.  As  the  first  char>re  of  oxygen  waepassiof 
through  the  chamber,  there  wore  exhibited  no  signs  difTcrent  from  those  ofexciteuient, 
which  had  befoie  been  aeeui  but  as  the  second  change  paaeed  through,  all  the 
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animals  bocainc  ilepre.*sod  auJ  dro\v.sy.  Aiu  r  an  iiit<ir\  al  of  lour  houris,  the  current 
was  agiiiii  changed,  and  the  oxygen,  puriHed  most  carefully  of  eztnneoiui  mattWy 
iraa  a  third  time  given  to  the  animals.  It  now  bi'cnnio  mnro  obvicii^  ihnt  f-vory 
animftl  was  under  Mime  peculiar  depte&nng  iniiueuce ;  even  the  rabbit  did  not  eacape. 
The  svmptOBis  were  entirely  dilFtirent  from  those  arising  from  caribonie  add.  The 
hreat£uig' was  quick,  but  ^a^y  and  tranquil.  There  waa  not  the  slightest  approach 
to  couvuHinn.  TIk^  pi»reon  buri»  <!  it-«  head  under  it-«  wiii-r,  nml  simply  dniopt-d  ftiid 
alepL  The  i'our-l'uoted  animals  sat  with  their  four  legs  straight  and  their  heads 
between  them,  nodding  as  if  in  profound  and  pleasant  sleep;  thev  were  aronsed 
with  difficulty,  and  fell  otl' again  in  an  instant.  Then  the  fore-legs  slowly  ga^  e  wfiy 
forward,  as  if  pnraly.-(»d  ;  Jiml.  before  the  tbircl  rharp*  of  ih(-  ovy^-cii  wiu  three  parts 
over,  the  pigeon  was  tleiul,  mni  the  kitten  w;ls  t^o  iietiiiy  deiul  tluit  it  waa  not  easy 
to  detect  iU  chest  movement ;  the  dog  gave  no  sign  of  8en?«ibility,  but  bieatbed 
aoftly  ;  the  rabbit  was  fast  asleep.    Tlif  frof/s  uloiu'  wore  unaHlctcd. 

At  thi^  critti.s,  a  little  air  was  pumped  out  of  the  oliambcr  through  lime-water; 
it  gave  less  indication  of  carbonic  acid  than  the  common  air  which  the  experiment- 
alist was  breathing. 

The  aninml^  Wi  vt-  tln'n  rcmnved,  nn<l  a  lijrhtod  taper  wnai  plnrod  in  tbechamlxT. 
The  taper  burnt  with  more  brilliancy  than  in  the  air,  but  with  a  slight  yellowness 
of  flame. 

The  aniraala  were  all  nearly  dead.  The  kitten  died  a  few  minuteji  after  romoval; 
the  rabbit  recovered  in  two  hours;  the  dog  jteemed  paralysed  in  the  limbs  for  the 
greaterpart  of  the  day,  but  recovered.  When  the  bodies  of  the  pigeon  and  the  kitten 
wete  opened,  there  was  foimd  no  indication  of  a^phvxia.  The  Im^  were  inflated 

and  red ;  the  heart  contained  blood  on  both  4*1-^,  "but  the  blood  in  each  side  was 
of  the  same  liue,  neither  being  very  dark ;  the  brain  was  bloodle.«t ;  the  other  organs 
were  nntiiral.  The  appearances  ni  the  pigeon  corresponded  with  these  with  the 
most  niiuut<>  jiccuracy. 

Dr  Ilichardson  next  narrated  the  histt)rlcs  of  several  other  experiments,  from 
which  he  derived,  apparently  to  demonstration,  the  following  and  second  major 
proposition : — Oxygen,  when  breathed  over  and  over  again,  although  freed  entirely 
from  carbonic  acia  or  other  known  products  of  respiration,  loses  its  power  of  sup- 
porting life  :  the  prncps.s  of  life  ceasmg,  not  from  tiu>  introduction  ot  a  poison,  but 
as  by  a  negation,  or  a  withdrawal  of  some  principle  extant  in  the  primitive  oxygen^ 
whidi  is  essential  to  lifb. 

The  last  section  of  the  paper  had  reference  to  the  influence  of  oxy  ^ren  on  muscular 
irritability;  and  various  experiments  wore  again  given.  On  them  the  authoc 
founded  the  thinl  major  pro^osititm. 

Oxygen,  while  it  is  essential  to  muacubur  irritability  and  museiilar  power,  exerts 
its  intluence  over  muscle,  not  as  a  direct  exc  itant  of  muscidar  contraction,  but  by 
supplying  to  t1ir>  mu-'r  lo  an  agent  or  force  by  which  the  muscle  is  Utted  for  contrac- 
tion on  the  Hppiicatiun  ol  an  excitinu^  ( au^*. 


2'he  Action  of  Tea  and  Alcohols  roitfraafcd.  Iht  Kdw  ard  Smith,  ilf.Z)., 
LL.B.i  F.R.S.,  Assistant  Physician  to  the  J/osjjUuI  for  Consumption 
and  Diseases  of  the  Chesty  Brompton^  ^e. 

In  thid  paptr  the  author  stated  the  rcsidts  of  a  series  of  origiuai  inquiries  into 
the  influence  of  these  two  snbstaaces  which  appeared  in  the  Philosophical  Trans- 

act"  >!M  for  ]8.j9. 

Tiie  general  expression  of  the  action  of  tea  is,  that  it  increases  all  vital  actaoni^ 
and  causes  the  elimination  ficom  the  body  of  more  material  thmi  it  supplies. 
It  increases  the  ease,  frequMicy  and  'depth  of  respiration,  but  does  not  much 

aflcct  pul.sfttion. 

It  increases  the  action  of  the  skin,  as  shown  bv  the  increase  of  perspiration;  and 
as  in  the  conversion  of  fluid  into  vapour  there  is  a  thousand-fold  increase  in  the 
absorption  of  latent  heat,  perspiration  must  cool  the  body. 

It  mcreases,  and  does  not  oisturb^  nervous,  mental  and  muscular  action,  and  it 
is  not  followed  by  i-eaction. 

Small  doses  often  repeated  have  fourfold  the  effect  of  a  bige 
1860.  10 
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Large  doaes  cau&e  nauaea  and  uarcotism. 

The  addition  of  ftcidgtndfetyM  cream,  laMepaitoaodon<mt^^ 

pulnation. 

The  addition  of  an  alkali,  as  &odn,  inoroase.s  the  nction  apoa  Uie  skin  and  imdeB 
it  more  eooUungi  but  a  cauBtic  alkali  de^tru^ti  it. 
Henoa  the  anuor  oonaiden  that  it  is  inapplicable  in  the  following  conditiooa  of 

the  system,  yiz. : — 

In  the  absence  of  food  (except  when  a  large  meal  haa  been  recently  taken),  and 
therefore  at  breakfast,  unless  the  system  be  replete  with  food,  as  from  a  late  and 
laive  supper.   In  the  ill-fed,  and  in  those  of  spare  habit. 

In  prison  or  other  dietaries,  iri  Avhich  it  is  a  duty  not  to  allow  the  supply  t<"»  ptc- 
coed  the  real  wants  of  the  aystem,  except  in  the  cases  in  which  the  powers  of 
Mfitnilation  are  defectiTe,  and  then  aatefly  iihe  other  nitrogenona  mtOMn,  haa  been 
shown  by  the  author  to  promote  the  aaaimilalioii  of  ataicny  food,  it  maj  pieveot 
the  waste  of  undip'^it'  d  looJ. 

When  unusual  muscular  exertion  is  made,  unless  there  be  also  an  abuiidance  of 
food  and  tike  aldn  acting  insufficiently. 

In  those  who  perspire  too  easily  and  profusely. 

In  low  temperatu^,  except  in  eoiinexion  ^vith  abundance  of  foty  since  then  the 
action  of  the  skin  should  be  reduced  tu  a  niiuinmrn. 
In  very  early  life,  when  all  the  vital  actions  are  rapidly  performed. 

Ho  consifk  i^  also  that  it  is  more  suited  to  the  followin^r  folates  : — 
In  the  after  part  of  the  day,  when  the  powers  of  as>>iiuilat  ion  have  been  shown  by 
him  to  be  enfeebled,  and  when  food  has  accumulated  in  tlie  body. 
In  old  persons. 

In  h  ot  ( liniateai  with  leaeaied  poweia  of  aatimilatiQn ;  with  exceaa  of  heat  and 

excess  of  food* 
In  thoee  who  nsuallj  transform  food  imperfoetly. 
In  those  who  take  too  little  exercise,  and  eat  too  much. 

In  conditions  in  which  f?out  is  likely  to  oeeitr. 
In  those  who  have  the  skin  inactive. 

In  all  etatae  in  which  theve  ia  ezcesa  of  food,  not,  perhaps,  in  relation  to  the 
wants  of  the  system  always,  but  in  relation  to  the  power  to  transform  it,  nnd 
eepecially  where  there  is  exceea  of  heat^  as  to  soldiexa  on  nuurch  exposed  to  the 

eastern  sun. 

The  inthof  tiien  compared  these  deductaons  from  eeienee  with  the  actual  instiiiet- 

ive  hfibite  of  mankind  in  diflerent  climates— the  test  to  -vvhieh  all  such  inquiries 
nuist  bi,'  ultimately  subjected — nnd  showed  that  there  i.s  a  mofet  strikinir  oonx'fpond- 
ence,  as,  for  cxnmplej  the  frequeni  u»v  of  tea  aloue  by  the  sedentary,  corpulent,  fat 
■nd  starai-eating  Chinese,  ^d,  with  the  addition  of  an  acid,  by  the  Industrious  poor 
and  exposed  cla'^^e.s  in  that  country,  and  by  nil  elas.«esi  in  the  cold  of  Kussia  ;  the 
addition  of  milk  or  cream  in  our  ciimate  j  our  habit  of  taking  food  with  tea  when 
we  regard  it  as  a  meal,  and  of  diinking  it  after  dinner  in  hut  weather  when  we 
would  perspire  more  freelv  ;  the  enjoyment  of  it  by  the  poor,  who  live  chiefly  oa 
bread,  which  is  imperfectly  dipe^ted  ;  nnd  the  largt>  appetite?  of  leatotaller?. 

Hence  he  was  of  opinion  that  tea  had  a  more  powerliu  action  upon  the  bod}',  both 
fat  good  and  evil,  than  has  hitherto  been  unaeistood)  and  belieTed  it  to  aemand 
the  re^idation  which  attends  the  administration  of  a  medicine ;  and  especiallT 
urged  it  to  be  ^u})plied  to  soldiers  in  hot  dimatee,  to  be  drunk  cold  or  hot  m  sni«il 
doses  during  expoeui-e  tu  heat. 

hi  reference  to  alcohols,  the  author  showed  that  alee,  wince,  and  spirits  differ 
in  their  action,  not  only  because  they  contain  ^  arvinfjr  aniounl.s  of  alcohol,  but  Hhvo 
other  injrredienti«,  a-s  volatile  oils  and  ethers,  salts,  gluten  and  sugar,  and  thence 
each  must  always  be  discussed  separately.  lie  showed  that  neither  the  public  nor 
the  medical  profession  substitute  a  given  amount  of  alcohol  and  water  for  these 
various  substances,  but  admit  that  each  substnnre  hns  a  special  action,  am!  that 
even  impurity  and  newness  are  held  to  be  deteriorations  in  any  member  of  the 
same  class. 

fie  ahowad  that  all  alcohols  lessen  the  action  of  the  skin  and  increase  the  force 
and  frequenc^r  of  the  action  of  the  hearl^  and  that  these  are  their  true  dietetic  snd 
medicinal  actions, 
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When  the  usual  do8«  of  a  spirit  or  aicoiiol  wad  taken  duly  diluted  with  water,, 
lie  had  found,  by  numerous  experimento,  that  the  foUowiug  sc^iuMice  of  phono- 
mena  took  place : — 

1.  Upon  the  heart,  probably  by  the  direct  contact  of  the  alcohol,  and  occurring 
in  2  to  4  minutes. 

S.  Upon  the  brain,  in  from  3  to  7  minutes,  as  ahown  by  the  effect  upon  conacious- 

Wss,  nipiitnl  niul  .sensual  perceptions. 

3,  Upon  the  spinal  cord,  as  shown  by  lessened  tone,  lessened  power  of  controlling 
and  lessened  desire  to  use  the  muscles,  a  sense  of  purring  through  the  whole 
system,  and  thu  sensation  of  heat  and  cold. 

4.  Upon  the  respiratory  tion-mis  titict. 

C.  Upon  the  secretory  (sympathetic  nervous^  system- 

The  exhilaraticm  of  spirits,  aocompaniod  by  sense  of  heat,  swelling  and  ledness  of 

the  skin,  occurred  in  the  first  stage,  and  continued  about  iio  minutes,  and  tliis  was 
changed  for  tacitumitj,  chilliness,  and  sense  of  miserable  depression  in  the  second 

Alcohol  usually  increaaes  the  activity  of  the  rai^imtoiy  actions  in  a  moderate 
degree ;  as  did  tdm  whisky  in  many  instances,  and  rum  comXDonlyi  whilst  brandy 

and  srin  lessened  them. 

Jieers  he  believed  to  act  also  by  their  sugar  and  gluten,  and  thus  tend  to  pro- 
mote the  digestion  of  starchy  foodf;  but  for  thb  purpose  only  small  qoantitiMi,  as 
by  nil  alt'-p-liiss,  should  be  taken  ata  time^  so  as  to  obtain  this  action  apart  from  the 

alcoholic  action. 

The  author  abo  uppoudcd  a  few  n^niarks  on  tlie  action  of  cofiee^  on  account  of 
ita  paiallel  use  witli  tea,  and  proved  that  whilst  both  agree  in  mcieasing  vital 
action,  thoy  iHIT;  r  in  the  iinportnnt  ])ni-ticular  of  thuir  aHion  upon  tht«  skin. 
Cuflee  usually  lessens  the  action  of  the  sidu,  and  thereby  renders  it  dry  and  hot,  at 
the  Mime  time  increasing  the  action  of  the  heart,  and,  as  a  further  conseouence  of 
the  former,  increasing  the  action  of  the  kidney,  or  failing;  that,  inducing  (liaiThoea* 
Urn  re  it  is  applicame  in  conditions  widely  diflering  from  those  suited  to  the 
use  of  tea. 

In  contrasting  tea  and  co£fee  witJi  alcohols,  the  author  found  only  one  analogy 
with  U'a,  viz.  that  of  beers,  since  both  tend  to  promote  the  digestion  of  starchy 
food,  mid  tli(  iofoi\>  both  the  teatotallers  and  the  anti-tt  atotjillers  may  be  equally 
right.  There  is  no  similarity  whatever  between  the  actiou  ui"  lea  and  mcohols  ;  but 
both  are  in  their  essential  actions  opposed,  whilst  there  is  an  important  correspond- 
vnc<'  in  the  action  of  al<-(>hols  and  cofl'tK'.  The  ii.se  of  tva  in  tlic  iiictic  iY';i^ion<^ 
must  be  associated  with  that  of  alcohols,  or  the  substance  liaviuir  an  equivalent 
but  less  perceptible  and  more  enduring  action  upon  the  skin,  viz.  fats,  whilst  rum 
is  1<  .s.  injurious  to  the  t«uilor  of  all  coimtries  than  brandy  or  gin  would  be,  by  its 
specinl  power  of  incr<  ii>inLr  the  rcspirntriry  niid  ntl^T  \  ital  actions.  When  it  is 
couioiued  with  mUk,  it  is  the  most  perfect  restorative  known. 

The  auUior  did  not  regard  any  of  these  substances  as  true  food,  yii.  substances 
which  bv  their  own  elements  mrectly  nourish  the  system,  but  harinff  the  special 
powr-r  of  fnTrt}iiliii<r  llic  powor  of  {ifpimihding  other  fi'od.  Hfiice,  altnoiifrh  there 
may  not  be  "  more  nutriii\  e  matter  in  a  pint  of  beer  than  wiU  lie  upon  a  sixpence," 
there  is  a  power  whereby  other  food  is  made  more  uaefiil  to  the  system* 


7%e  Physiological  Rehtfum  rff^  Q^avrino  MaUer  of  the  BUe, 

By  J.  L.  W.  THUOICHUM,  M*D, 

Hie  author  having  con\'ineed  hiiusi  lf  by  experiment  that  the  ordinary  method  of 
purifying  cholochrome  (the  colduiin^'^  uiiiM<  r  of  bile)  does  not  give  a  iinifonn 
material,  has  sought  for  such  a  rnHction  as  wuidd  give  the  mtioual  composilioii  of 
this  subetance  in  order  to  establish  its  formula  by  metamorphoses.  Such  a  reaction 
he  has  obtained  with  nitrous  acid,  which,  when  jki  sed  in  the  gasef)us  .>tal<'  into 
water,  alcohol,  or  ether  containing  cholochrome  in  su.sponsion  in  a  iin<  ly  dividod 
state,  decomposes  the  latter  with  ertencscence  duo  to  the  evolution  of  nitrogen. 
There  remains  in  the  vessel  a  new  acid,  vis.  cholochromic  acid,  insoluble  in  water, 
but  golnhle  in  alcohol,  (  tln  r,  and  i  lilorofV.rm,  niid  rcry  chnn;r"'al>lL'  on  exposure  to 
aift  It  crystallised  in  durk-r«d  rhombic  octohedra  when  its  eulutiou  iu  chloroform 
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is  evaporated  in  a  current  of  hvdrogeu  or  co«l-gB«y  and  the  cryaitXt  much  resemble 
those  of  hnnutotdine.  Hie  bfemiitDidme  extracted  by  Viueiitmer  and  Brudre 
fKMn  giell-stuiu><)  find  ox -bile  has  8omo  n'somblauco  to  tliis  new  acid.    From  the 

R^ovo  ronrtinn  it  if  evident  that  cholochrome,  like  the  other  aeids  of  the  bile  andliko 
hippuric  acid,  leucine  and  tyrosine,  and  many  other  i^uhstances  connected  with  the 
humen  economy  in  heidtli  and  dimafle,  is  an  anndo-'aeidf  i.  e.  an  acid  in  wliidi  the 
nitrogen  Is  contained  in  th(*  form  of  amide  (Xll") ;  this  radical  replacing  one  equi- 
valent of  hydro«?en  in  tb"  In  potliotlcnl  acid,  of  which  the  cholochromic  istho  oxy- 
a?id,  the  nuiical  (N  IV j  m  the  luaido-acid  being  replaced  by  peroxide  of  hydrogen 
(HO')  in  the  oxyacid. 

With  nitrii-  lu-id,  cholochrome  yields  an  amorpboiH  yellow  guhsfance,  little 
soluble  in  water,  nitro-choluthromc,  a  crystallizable  acid  easily  soluble  in  alcohol, 
perhaps  nitrocholic  acid  ;  and  a  colourless  syrupy  acid  easily  soluble  in  water,  and 
yielding  a  crystallized  stltwith  ammonia,  perhaps  cholestenc  aeid  or  a  homologue. 
Chlorint'  traiisfonns  the  brown  mntttM-.  eliolnoltj'Mie,  into  tlu-  jrreen  cliolochloine  iii 
the  space  of  a  few  minutes.  The  proceed  of  lleintz  required  several  weeks  for 
eflectmg  the  same  tnmsforniation.  The  continned  infliienoe  of  cUorine  producea 
tiie  red  cholochromic  acid,  which  exists,  however,  only  Sat  a  moment,  bemg  trans- 
formed into  white  chlorocholic  neid.  little  soliil)le  in  wnter,  more  soluble  in  alcohol. 

These  researches  have  been  undertaken  by  Dr.  Thudiclium,  partly  with  a  xiaw 
of  aacertalning  the  pathological  proceaa  which  g^Tes  jrise  to  certain  casta  of  tiie 
biliary  ducts,  previouslv  described  by  him  in  the  'British  Medical  Journal.'  He 
believes  it  to  resemble  t*he  putrefaction  of  bile  in  a  stoppered  bottle.  If  the  process 
U  acute,  it  con8tituttt.-j  "  biliosity  or  biliousness;"  if  more  chronic,  it  giv»»  rise  to 
easts  of  the  ducts  and  gall-stones ;  if  it  extend  to  the  liverHsells,  it  oonstitates  na^ 
lignant  jaundi 

The  author  further  intimates  that,  since  the  above  reaction  with  nitrous  acid  5a 
now  ascertained,  the  thoraneutic  effects  of  nitric  and  nitro-hydrochloric  acids  in 
rarious  forms  of  jaundice,  which  are  already  recognised  \ij  many  practitioners,  arc 
deservin^r   f  further  imrestigatioa  and  trial  His  own  ezpeiienoe  is  in  lisTonrof 

these  remedied. 


GEOGRAPHY  AND  ETHNOLOGV. 

Opening  Address  by  the  President,  Sir  Rodrrtck  Impfy  Murchiso?^, 
D.C.L.y  F.R.S.,  V.P.R.G.S.  A  V.P.R.G,6\  Diredor- General  of  iAt 
Geological  Survey  of  the  Vii  itt  d  Kutydom* 

DoRiNO  the  last  two  years  onlv,  the  President  of  each  Section  of  the  Bnti?h  Asso- 
ciation having  usually  opened  the  biMinctsof  the  Meeting  by  a  short  addresii,  a  fcii 
to  my  lot  to  offer  a  few  words  to  the  Geographers  and  Ethnologists  who  were  as- 
sembled at  l-(Cf  I-  in  JSTiS.  I  there  expressed  the  satisfactinu  I  Mt  in  proposinir,  at 
the  Edinburgh  Meeting  in  1850.  the  formation  of  a  separate  Section  for  Geography 
and  Ethnology,  to  occupy  the  place  left  vacant  by  onr  Medical  Associates  who  had 
seceded  to  found  an  Association  of  their  own.. 

Until  that  year  Cen'jrnphy  had  been  attached  e\rlii<ivrlv  tn  the  Geologicnl  Srcti  Tri. 
in  which  it  was  almost  t>ubmerg«'d  by  the  numeroui^  lueuiotrs  of  my  brethren  of  the 
roclcs,  whilst  Ethnology,  farming  a  Snb* Section,  with  difBcnlty  obtained  a  proper 
place  of  meeting.  Now,  however,  both  these  sciences  are,  I  am  happy  to  say,  fully 
reprppented,  and  I  trust  that  the  result  of  the  comin«^  week  will  show  thar  the  sub- 
jects to  be  illustrated  wilt  attract  so  many  members  to  our  hall,  as  will  prove  that 
Geography  In  its  comprehensive  sense  is  as  popular  in  Oxford  as  it  is  in  the  metro* 
polls. 

Hefore  I  enter  upon  the  consideration  of  anv  mc-moirs  which  may  be  laid  before 
us,  let  me  alluile  to  a  few  of  the  subjects  of  dcc^)  interest  which  have  been  illustrated 
by  British  Geographers  in  various  parts  of  the  world  in  the  two  years  which  have 
elapsed  since  I  had  the  honour  oflast  [Hv  iling  over  you. 

In  Africa,  the  earlier  discoveries  of  that  great  traveller  Livingstone  have  bctn  fol- 
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lowed  by  other  researches  of  his  compaoione  and  himself,  which,  as  far  as  they  go, 
have  completely  rcnlizcd  his  anticipation  of  detecting;  large  elevated  tracts,  truly 
Sanatoria  as  compared  with  those  swampy  and  low  regions  near  the  coasts  which 
have  impretMd  too  generally  on  the  minds  of  our  coontrymen  tbe  hnpossibility  of 
sustaining  a  life  of  exertion  in  any  intei  tropicul  region  of  Africa.  TIk  <  pcnitif^  out 
of  the  Shire  river,  that  2;rnnd  aflhient  of  the  Zambe^i,  with  the  dcsci  iptiun  ol"  its  banks 
and  contiguous  lufiy  Ui  races  ami  luouutains,  and  the  discovery  of  the  healthfulaesa 
of  the  tract,  is  most  refreshing  knowledge,  the  more  to  as  it  is  aocorapnnied  by  tbe 
pleasing  notice,  that  the  slave  trade  is  there  unknown  except  by  the  rare  passage  of 
a  gang  from  other  parts.  Again,  this  portion  of  the  country  to  teems  with  rich 
vegetable  products,  including  cotton,  and  herds  of  elephants,  as  to  lead  us  to  hope 
that  the  spirit  of  profitable  barter^  which  powerfully  aotmates  the  natives,  may  lead 
to  theu-  civilizatioD,  and  thoa  prove  the  best  meana  of  eradicating  the  commerce  ia 
human  beings. 

Whilst  Idvingttone  was  smibg  to  make  his  last  venture,  and  to  realixe  the  promise 
he  had  given  to  his  faithful  Macololo  friends,  that  he  would  return  to  them,  and 
bring  them  kind  words  from  the  Queen  of  the  people  who  love  the  black  man.  Cap- 
tains Burton  and  Speke  were  leturaing  from  their  glorious  exploits  in  a  more  central 
and  Aorthern  region  of  South  Africa,  where  they  had  discovered  two  great  btemat 
takes  or  freshwater  seas,  each  ftf  not  less  than  300  miles  in  length. 

I  may  here  notice,  to  the  honour  of  our  Government  ,  and  particularly  to  that  of  the 
present  Secretary  of  Foreign  Affairs,  that  the  undaunted  Captain  Speke,  associated 
with  another  officer  of  the  Bengal  army,  Captain  Grant,  has  received  j£8500  to  eoaUe 
him  to  terminate  his  examination  of  the  great  Nyanza  Lake,  under  the  equator,  and 
we  have  reason  to  hope  that  he  will  find  one  of  the  chief  feeders  of  the  White  Nile 
flowing  out  from  its  northern  extremity,  and  thus  determine  the  long- sought  pro- 
blem of  tile  chief  source  of  that  classic  stream. 

I  also  trust,  that  in  the  last  and  most  arduous  portion  of  his  eflForts  in  proceeding 
northwards,  he  will  be  assisted  through  the  cooperation  of  Her  INfajestv's  Consul  at 
Khwrtum  on  the  Upper  Nile  in  traversing  the  country  immediately  to  the  north  of 
the  equator,  where  no  traveller,  aadent  or  modern,  has  ever  penetrated,  and  which  is 
inhabited  by  wild  and  barbarous  natives.  Aftrr  n  rrsidence  of  sixteen  years  in  that 
region,  and  having  mode  many  trading  expeditions  to  the  confines  of  this  unknown 
region,  that  bold  and  experienced  raon.  Consul  Petherick,  is,  I  am  persuaded,  the 
only  European  who  can  afford  real  assistance  to  Captains  Speke  and  Grant;  and 
if  by  their  united  efforts  the  true  source  or  sources  of  the  Nile  should  be  discovered, 
Britain  will  have  attained  a  distinction  hitherto  sought  in  vain  from  the  days  of  the 
Roman  Empire. 

Jpuring  the  week  of  our  meeting,  Mr.  Petherick  will  bring  before  us  his  pnjeet, 
which  I  trust  you  will  support  either  for  ascending  the  Nile  to  its  source  or 
affording  effiective  assistance  to  Captain  bpeke,  without  which  it  is  much  to  be  feared 
that  the  gallant  officer  will  never  be  able  to  traverse  the  savam  tracts  which  intervene 
between  the  Nyanxa  Lake  and  the  highest  part  of  the  Nile  yet  visited  by  any 
traveller. 

If  we  turn  to  the  Polar  Circle,  we  see  what  individual  British  energy  has  been 
able  to  elicit  At»m  the  frozen  North.  There,  indeed,  notwithstanding  many  a  vrelU 

found  expedition  5icnt  out  to  asecrtain  the  fate  of  Franklin,  all  our  efforts  as  a  nation 
had  failed,  when  the  energy  and  perseverance  of  a  w(im?jn,  backed  rnlv  by  a  few 
zealous  and  abiding  friends,  accomplished  the  glotiouii  end  of  sali^stymg  iterseii,  and 
of  proving  to  her  admiring  country,  that  in  sacrificing  tiicir  lives,  her  heroic  husband 
and  his  brave  com[iani'  n?*  had  been  tlu  first  discoverers  of  ihc  \nrth  Wc^t  Pa'-i^nge. 

For  her  noble  and  devoted  conduct  iu  having  persisted  through  so  many  years 
to  send  out  expeditions  at  her  own  cost,  until  she  at  length  unravelled  the  fate  of 
the  'Erebus*  and  'Terror,'  the  Royal  Geographical  Society  of  London  has  rightly 
judged  in  awarding  to  Lady  Franklin  one  of  it^  Cold  medals,  whilst  the  other  has 
been  appropriately  given  to  that  gallant  and  skill ul  officer  Sir  Leopold  M'Ciiotock, 
who  in  the  little  yadit  the  *  Fox '  so  thoroughly  accomplished  his  arduous  mission. 
He  oot  only  ascertained  tbe  death  of  FranUin,  and  the  subaequent  abandoameDt  of 

*  A  Snbicriptiott  List  hi  forlherance  of  this  great  ol^ect  is  opened,  headed  by  Lord  Ash- 
burton  and  Sir  Sodoidc  Hurcbisottt 
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his  ships,  but  also  showed  thai  tht  great  oaTigator  bad  diwovercd  vast  breadths  of 
Arctic  lands  and  seas  which  wore  cnt^irelv  unknown  when  he  left  fvir  shore?,  and 
had  evcu  remained  so  until  the  truth  was  revealed  by  the  expedition  ot  ibe  *  Fox.' 

The  geographer  who  compares  the  map  of  the  Arctic  regioni  as  laid  down  br 
Parry  and  others  up  to  the  year  1S4:>,  when  PVanklin  sailed,  and  marks  on  it  all  that 
he  is  now  known  to  have  added  in  the  two  brief  sumniers  before  he  was  beset,  and 
then  inspects  anv  one  of  the  most  recent  iuaps«  even  up  to  the  year  1858  inclusive, 
and  traces  the  discoveries  made  by  M'CKntock  and  hi*  associatesp  HobsoD«  Young, 
and  Walker,  will  see  what  vast  additions  to  geographioil  knowledge  httte  been  made 
by  the  last  expedition  of  Lady  Franklin. 

^ucii  services  are  indeed  worthy  of  the  highest  natiuoai  reward,  and  1  have,  1  am 
happy  to  say,  reason  to  know,  mat  a  monument  in  commemoration  of  glorious 
deeds  of  Franklin  and  of  his  having  been  the  first  to  discover  a  North  -1  !*a==agc 
will  he  erected,  and  also  that  the  olHcors  and  rrcw  of  the  '  Fox'  will  receive  that  recom- 
pense to  which  they  are  su  justly  entitled  ui  the  hands  of  their  admiring  countrymen. 

Whilst  on  this  subject,  I  may  well  express  the  satisfaction  and  pride  I  felt  as  the 
President  of  this  Section,  when  the  oflicers  of  the  British  Association  asked  us,  the 
Geographers,  to  bring  forward  one  of  our  distmguished  men  to  deliver  a  lecture 
on  one  of  our  manifold  subjects,  before  the  body  of  men  of  Science  assembled 
at  Oxford.  As  this  is  the  first  occasion  since  our  foundation  on  which  gsographieal 
discovery  been  considered  to  be  of  sufficient  scientific  importance  to  occupy  the 
attention  of  the  whole  meeting,  I  rejoice  in  the  fact,  and  also  in  the  knowledge  that 
Captain  Sberard  Osboni,  so  well  known  to  us  through  his  charming  '  Arctic  Stray 
Leaves,'  and  other  books,  as  well  as  by  his  laurels  won  in  the  Crimea  and  the  Sea 
of  Azof,  is  to  be  the  lecturer,  and  that  lie  who  is  so  experienced  an  ice-man  is  to 

give  U6  a  sketch  of  the  discoveries)  of  Franklin,  as  laid  open  by  the  last  researches  of 
ir  Leopold  M*Cliotock. 

And  here  I  may  well  6Ay«  that  every  justice  will  be  done  to  any  subject  connected 
with  the  conditions  of  icy  seas,  including  the  proposed  submarine  telegraph  by  the 
Faroe  Islands,  Iceland  and  Greenland  to  Labrador ;  for  never  at  any  of  our  former 
meetings  have  I  seen  so  many  explorers  met  together  who  have  Tendered  their  names 
eminent  through  Arctic  and  Antarctic  discoveries.  Under  their  observation  the 
paper  whirK  is  to  be  brought  before  us  bv  Captain  Parker  Snow  of  the  Meichunt 
Marine,  warmly  urginga  further  search  atier  the  missing  crews  and  scicutitic  rccuiiisi 
of  ihe  '  Erebus'  and  'Terror',  will  be  ably  scrutinised.  The  names  of  Admiral  Sir 
James  Ross,  Sir  Edward  Belcher,  Captains  Ommaney  and  Sherard  Osborn,  when 
united  with  those  of  Sir  J.  Richardson  and  Dr.  Kae,  are  truly  guarantees  that  the 
question  will  have  su  much  light  thrown  upon  it,  a?  will  either  satisfy  the  public 
that  no  additional  important  results  as  respects  the  lost  cx()edition  can  be  aehiefedf 
or  they  will  stimulate  us  to  fresh  exertions.  For,  though  all  the  Arctic  voyagers 
with  whom  I  have  conversed  are  satisfied  that  there  is  now  no  longer  the  hope,  which 
I  long  cherished,  of  saving  a  human  life,  still  every  man  of  science  must  irish  that 
strenuous  efforts  should  be  made  to  recover,  i f  practicable*  some  more  of  the  many 
scientific  records  of  the  lost  expedition  which  may  have  been  lelt  in  various  plaoM 
around  the  spot  where  Franklin  breatlied  his  last. 

In  the  vast  possessions  of  British  North  America  much  additional  knowledge  has 
been  gained  by  the  successful  exidoiutions  of  Pidliser  and  his  associates.  Hector, 
Blakiston.  nnfl  Sullivan,  not  only  as  respects  the  preat  fertile  prairies  watered  by  the 
Saskatchewan  and  its  atHuents,  but  also  touching  the  practicability  of  traversing  the 
Rocky  Mountains  within  our  territories  by  passes  lower  than  any  which  exist  to 
the  south  of  the  boundary  of  the  United  States. 

At  this  stage  of  our  inquiries  it  would  be  very  hazardous  to  speculate  on  those 
pas8€s  being  rendered  available  for  railroads ;  the  more  so,  as  the  wild  region  lying  to 
^e  west  of  the  Rocky  Mountains— t.  e.  between  them  and  those  parts  of  British 
Columbia  which  are  gold-bearing,  and  are  beginning  to  be  inhaljilid  by  civilized  ]>eop!c 
— is  as  yet  au  unexplored  woody  region.  We  may  hope,  however,  that  such  routes  of 
communication  will  be  established  as  will  connect  the  Red  Iliver  settlements  with 
the  prairies  of  the  Saskatchewan,  and  these  last  with  the  rich  auriferous  tracts  of 
British  CoIuinl)ia.  And  if  the  most  northern  lino^  be  found  too  difficult  for  railway 
communication,  through  the  severity  of  the  climate  and  physical  obstacles^  let  ut 
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hope  that  by  giving  and  taking  gronod  in  an  amicable  manner  with  our  kinamen  of 
the  United  States,  we  may  b«  enabled  by  a  more  loutheni  railroad  to  traverse  tht 
prairies  on  either  side  of  the  neutral  bnundary,  and  then  pass  down  the  river  Co- 
lumbia to  Vancouver  Island.  By  this  uperatiou  the  great  Gulf  of  St.  Lawrence  and 
Hadson'a  Bay  on  the  east,  may  erontnally  be  placed  in  cooinunlcatioa  ivith  the 
noble  roadsteads  of  Vancouver  Island  and  the  adjacent  mainland  on  the  PteiSe*  At 
all  events,  Britain  will  doubtless  not  be  slow  in  establishingcommunicntions  between 
the  Atlantic  and  Pacific,  first  by  the  electric  telegraph,  next  by  orduuy^  roadt#  and 
finally,  it  it  to  be  hoped,  in  part  at  leaat»  by  railroaaa. 

On  these  subjects  we  ore  to  be  favoured  at  this  Meeting  with  a  paper  by  ^^-uriniw 
Synge,  in  addition  to  the  vwd  noee  comauiiicttiooaoC  Captain  i'^dliaar  and  hit  ano* 
dates. 

Having  not  aa  yet  had  aceest  to  many  of  the  papen  which  ue  to  be  coonrnml- 
cnted  to  this  Section,  I  can  allude  to  a  few  more  of  them  only.  In  a  Memoir  On  the 

Geographical  Distribution  of  Plants  in  Asia  Minor  and  Armenia  by  my  distinpfoighed 
friend  M.  Pierre  de  Tchihatcheff,  you  will  tind  some  remarkable  resulta  as  dowing 
from  tile  loog-continned  reeearehes  of  that  ardent  and  enceeeeAd  traEvelter.  After 

accounting  for  the  absence  of  some  j)lants  and  the  profusion  of  others  in  given 
localities  as  dependent  on  climatnl  roiulition^  (an  example  of  which  is,  that  the  graj^e 
there  flourishes  in  one  tract  ul  the  great  height  of  nearly  6000  leet  above  the  sea), 
M.  de  Tchihatcheff  brings  out  some  atrikiog  statistical  data,  showing  the  TatUy 
greater  abundance  and  variety  of  vegetation  in  Asia  Minor  rnmpnrcd  with  that  cw 
any  other  country.  He  points  out  that  the  plants  of  five  mountains  only  amount 
in  number  to  double  the  entire  quantity  of  British  plants,  and  concludes  with  an 
eloquent  regret  that  these  classic  redone,  to  bleesed  by  the  hand  of  the  Creatw,  and 
which  in  the  earlier  history  of  mnnkind  were  replete  with  highly  civilized  communi- 
ties, should  now,  through  misgovern mcnt,  be  the  scene  of  opj^ressioa  and  barbarity. 

Another  distinguished  Russian  geographer,  M.  N.  Khanikoff,  who  has  explored 
large  portions  of  Persia  and  the  adjoining  countriee,  will  bring  before  us  bis  ma|Mi 
and  descriptions  of  the  mountainous  tracts  of  the  countries  of  the  southern  parte  Of 
Central  Asia,  where  the  lofty  mountains  of  Ararat,  Demavend,  and  bavalan  fom  the 
chief  eleratioDS  of  the  vegion  to  which  we  look  as  the  cradle  of  our  itee* 

But,  to  revert  to  subjects  connected  with  Britain.  In  no  portion  of  the  surface  of 
the  globe  have  we  made  such  preat  and  rapid  advance*?  a**  in  Australia.  Doubtless 
much  of  this  progress  in  settlement  and  civilization,  particularly  m  Victoria,  is  doe  to 
tiie  discovery  of  those  enormous  masses  of  gold  whidi  are  producing  far  and  wide 
such  powerful  effects.  But  looking  to  the  work  of  purely  geographical  pioneers,  I  can 
declare,  that  some  of  the  most  valuable  and  darinp;  re"?parches  from  the  earliest  daya 
to  the  present  time  have  been  completed,  wholly  irrespective  of  profits  gained 
tiiroogh  the  attraction  of  the  precious  metal*  The  great  oisooferies  Stor^  Eyre, 
and  Leichhardt  were  made  before  the  existence  of  gold  was  known  ;  and  even  now, 
when  it  is  the  most  seductive  of  baits  to  entice  the  traveller,  see  what  vnst  ngiona 
the  brolherb  Gregory  have  laid  open  in  Northern,  Eastern,  and  Western  Au»traiia 
without  the  recompense  of  a  single  yellow  augget.  Again,  look  to  South  Australia* 
wht tl'  goM  is  scarcely  known,  at  least  in  any  appreciable  quantity,  and  see  what  its 
inhabitants  have  done  in  pushing  far  into  the  interior,  simply  to  acquire  fresh  pas« 
ture^laods.  In  contemplating  these  recent  discoveries,  we  read  with  astonishment 
of  what  one  individual,  Mr.  M'Dougoll  Stewart,  has  accomplished  in  so  shorta  tima« 
and  of  the  privations  he  underwent  to  renli/o  the  rxtsteoce  of  freshwatSf  aUMna 
and  oases  on  the  borders  of  the  great  interior  sahoe  desert. 

Still  more  were  we  surprised  when  we  learned  that  this  great  contineiit,  the  rivm 
of  which  were  so  long  considered  to  be  useless,  has  had  its  one  mighty  stitam*  Hm 
Murray,  roiulcred  navigable  for  1800  miles.  With  its  affluents,  the  Darling  and 
Murrimbidgee,  this  river  may  indeed  be  eaid  to  have  been  laid  open  for  2500  miiea» 
ft  e.  between  many  new  towne  which  have  sprung  up  in  the  interior  and  the  nar-w 
and  all  this  by  the  cdcaring  away  of  the  stems  and  stumpa  4^ treee«  the  rcanlt  of  agea 
of  decay. 

There  arc  now  indeed  in  England  some  of  the  eminent  men,  whether  governors, 
statesmen*  or  explorers  of  this  great  colonial  region*  who  will»  I  hope*  before  wa 
adjoarn,  throw  nesh  light  on  these  recent  dtscoveriea. 
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Havbg  presided  for  several  years  over  the  Royal  Geographtcal  Society^  it  baa  been 
my  duty  to  pass  in  review  the  progress  made  by  the  sons  of  Britun  in  difierent  parta 

of  the  world,  and  it  has  ever  been  to  me  a  source  of  the  sinccresl  gratification  to 
WKtch  the  rapid  stridns  mndc  by  the  colonists  of  Aostralia,  and  to  ob<t  rvc  how  they 
have  carried  with  tlietu  all  the  energy  of  our  race  into  the  land  of  their  adoption. 
If  I  traced  with  deep  interest  the  explorations  of  their  boldest  travellers  through  the 
bush — and  witnessed  with  r]f  light  the  workini;  out  of  that  golden  wealth,  of  which 
perhaps,  because  I  was  a  Highlander  as  weli  as  a  geologistt,  I  had  a  sort  of  second 
tight — or  if  I  revelled  in  seeing  their  ports  filled  with  bhips,  and  abounding  in  com- 
merce— not  all  these  attributes  hnve  n^ioiced  roe  more  than  the  knowledge  1  acquired, 
that  our  Australian  colonists  are  tralf  and  sincerely  nttadied  to  Britain  and  their 
Sovereign, 

•  As  it  b  out  of  my  power  on  the  present  occasion  to  advert  to  all  the  rseent  ad- 
vanesa  in  ethnology,  I  will  now  only  say,  that,  besides  many  eommnnications  from 

other  gentlemen,  including  Mr.  Lockharl's  excellent  nn*(  5  on  Chinn,  ray  eminent 
and  valued  friend,  Mr.  John  Craufurd,  will  give  us  two  memoirs;  the  one*  " On  the 
Relation  of  the  Domesticated  Animals  to  Civilization the  other* "  On  the  Aryan,, 
or  Indo-Germanic  Theory ;"  each  of  which  will,  I  doubt  not,  be  worthy  of  the  Pre* 
sident  of  the  Ethnoloaical  Socii  ty  of  London. 

Let  me,  however,  otfer  a  few  general  observations  on  those  sciences,  to  the  culti- 
vation of  whieh  the  business  of  ^is  Section  is  devoted.  Geography,  regarded  only  as 
the  description  of  the  outlines  of  the  earth,  and  the  determination  by  astronomical 
observations  of  the  relative  position  of  hill?,  rivers,  valU  ys,  and  coasts,  to  be  laid  down 
b^  the  topographer  on  a  map,  is  but  the  i(ey-stonc  uf  that  splendid  science  when 
viewed  in  its  most  comprehensive  bearings.  For,  of  how  maeh  real  value  is  it 
deprived  if  not  followed  in  its  train  by  all  the  affiliated  sciences  which  relate  to  the 
phenomena  of  our  mother  earth  !  How  infinitely  is  the  important  basis  of  <'ur 
science  enriched  by  the  descriptions  of  the  animaU  and  plants  which,  living  on  the 
surface  of  our  planet,  are  distinguished  by  forms  peculiar  to  each  region — snch  dis- 
tribution being  coiriciii  nt  with  relative  difTerontes  of  climate! 

Again,  as  a  weather-beaten  geologist,  i  know  full  well,  that  the  science  which  I 
have  roost  cultivated  would  be  void  of  a  foundation  if  it  did  not  rest  on  the  principles 
of  physical  geography;  for  much  of  the  labour  of  the  geologist  consists  in  restoring* 
not  in  iraaginati  n,  but  by  n  positive  aj)[ieul  to  data  regihtcrtd  on  t.iblcTs  of  stone, 
the  former  outhnes  of  sea  and  earth  at  different  successive  periods,  whilst  he  marks 
the  Various  oscillations  of  land  and  water  as  well  as  the  necessary  accompaniments 
of  grand  meteorological  changes. 

If  therefore  the  geographer  is  guided  to  the  relative  position  of  his  localities  by 
the  lights  of  astronomy,  he  also  knows  that  accurate  observation  of  all  terrestrial 
changes  is  of  the  highest  valae  in  enabling  his  ally  the  geologist  to  interpret  and 
read  oif  the  former  conditions  of  the  crust  of  the  earth.  Just  as  geography  in  its 
present  phase  is  necessarily  connected  witli  efhncjiopv,  so  its  earliest  features  as  a 
science  can  best  be  thoroughly  comprehended  bv  the  geologist.  His  is  the  pruviuce  to 
hring  to  the  mind's  eye  various  relations  of  land  and  water  through  the  oldien  periods, 
when  most  of  our  present  continents  were  funned  beneath  the  sea;  and  to  trace  the 
successive  elevations  and  di-prt  ssions  whieh  characterized  epochs  long  ai^tcrior  lu 
the  existence  of  man.  Even  in  those  remote  tiroes  when  suiue  landii  were  elevated 
and  others  depressed,  wc  have  ascertained  that  the  waters  and  the  earth  were  occu- 
pied by  \  arious  animals  which  f-ucct  ^.'^ively  liv('<l  and  died  to  be  followed  by  other  and 
more  highly  organized  races,  until  at  length  a  being  endowed  with  reason  was  created. 

And  when,  having  gone  through  all  the  long  epochs  of  geological  time,  we  ap* 
proach  the  period  when  man  appeared,  how  interesting  is  it  to  endeavour  to  unravel 
the  chanp-es  which  our  lands  underwent  from  that  recent  geological  <'ntp  when  the 
lirittsli  isles  formed  part  of  the  terra  Jirma  of  £uropel  I  heu  ot  a  later  period,  how 
Uiviting  is  it  to  mark  the  signs  of  the  commiiture  of  the  rudest  and  earliest  works  of 
man  with  the  remains  of  animals,  most  of  which  arc  now  ntinct,  yet  miaed  up  with 
others  which  have  lived  on  to  our  own  day  ! 

Thus,  whilst  the  geological  geographer  visits  the  banks  of  the  bomme«  and  sees 
such  an  aasemblage  of  relics  beneath  great  accumulations  formed  by  water  (aa  I  have 
reeeotly  witacsecd  myaelO^  he  la  compelled  to  infer,  that  at  the  period  when  auch  « 
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plienoraenon  was  brought  about,  the  waters  which  have  now  diminished  to  an  ordi- 
nary scaail  river,  rose  in  great  inundations  to  the  height  of  100  feet  and  more  above 
the  present  strtam,  and  swept  over  the  slopes  of  tiie  chalk  on  which  the  prioiOTal 
inhabitants  were  fashioning  their  rude  flint  instruments— when,  as  I  woald  sQggest, 
they  m')?ht  have  escaped  to  the  adjacent  hills,  and  saving  themselves  from  the  sweep- 
ing tiooU,  have  left  no  traces  of  their  bones  in  the  siit,  sand,  or  gravel. 

This  linking  on  of  geology  with  hnman  htatoiy  and  the  works  of  primeval  art 
comes  legitimately  under  our  consideration,  and  here  we  have  just  as  full  right  to 
discuss  and  te«t  tht^  question  as  my  dear  friends  the  geologists,  the  more  so  as  it 
was  to  this  conaexiun  between  geology  and  history  that  Lord  Wrottesley  has  called 
the  attention  of  the  Aaeociation  in  his  Presidential  Address. 

Then,  again,  as  wc  dcscrnd  with  tlie  stream  of  time  until  we  reach  historical 
records,  the  geographer  next  endeavours  to  throw  ligiit  on  the  marches  of  the  great 
generals  of  antiquity  and  the  sites  of  ancient  cities  i  and  then  truly  the  geologist, 
geographer,  and  ethnologist  become  united  with  the  antiquary  and  historian.  Taking 
our  recent  British  rxample  of  the  discovery  of  the  Uricontum  of  the  Romans  at 
Wroxeter  in  Shropshire — where  is  the  geographer  who  has  looketi  at  the  mounds  of 
earth  which  till  recently  covered  that  ancient  city,  and  is  not  convinced,  that  causes 
arising  from  the  combined  destruction  by  man  and  natural  decav,  have  produced  the 
ma«<^  of  overlying  matter  on  the  shores  of  the  Severn^  which  has  bidden  from  our 
vision  one  of  the  famous  Romau  towns  of  Britain  i 

As  I  have  delighted  in  tracing  the  sites  of  the  battles  of  our  great  British  chief 
Caractacus  *,  and  in  unravelling  the  age  of  those  SaluriaQ  rocks  in  which  he  made 
the  chief  defences  of  his  own  kingdom,  so  I  can  now  bring  back  to  mv  imagination 
how  the  legions  of  Ostorius  may  have  been  reinforced  from  that  Uricuuiuin,  which 
has  jnst  bMn  disinterred  from  its  earthy  covering  by  the  sealoos  taboari  of  the 
enlightened  antiquary  Wright,  now  a  Secretary  of  this  Section. 

In  this  manner  we  see,  that  as  our  inquiries  necessarily  stimulate  us  on  the  one 
hand  to  recede  to  the  very  earliest  traces  u(  man  upon  the  globe,  so,  on  the  other« 
we  are  led  on  into  that  department  of  Art  and  Arclueology  wluch  connects  the  present 
with  the  past,  and  are  thus  ennhlr  l  tn  fjfl'er  to  the  consideration  of  our  associates 
and  auditors,  subjects  of  prevailing  and  universal  interest — subjects  which  will,  I 
doubt  not,  be  handled  with  redoubled  zest,  now  that  we  are  again  iiuppily  met 
togsther  for  the  third  time  in  this  very  ancient  seat  of  learning. 


In  conclusion,  I>rulirs  ami  n>  ntlcmeo,  1  have  now  only  to  ccmgratulatc  ynu  on  the 
recent  rapid  extension  of  geographical  science  throughout  the  cnlighteacU  classes  of 
our  countrymen.  Brought  up  with  a  profound  reverence  for  the  works  of  God,  and 
a  due  admiration  of  the  finest  efforts  of  man.  those  sons  of  our  gracious  Sovereign 
who  arc  of  sufficient  age  to  profit  by  extensive  travel,  are  already  proving,  that  in 
their  spirit  of  adventure  they  are  true  Englishmen.  The  heir  to  the  crown,  aAer 
rambles  in  oor  Scottish  Highlands  and  travels  on  the  continent,  is  abont  to  quit  this 
his  Alma  Mater,  and,  to  the  great  joy  of  our  colonists,  to  visit  North  America,  and 
there  rivet  still  more  strongly  the  link  which  hinds  the  loyal  people  of  those  pro- 
vinces to  the  mother  country ;  whilst  Prince  Alfred,  after  cruizing  in  the  Mediter- 
ranean, is  now  sailing  across  the  Sonthera  Atlantic  to  Babia,  not  without  having 
ascended  on  his  way  to  the  very  summit  of  the  Peak  of  TenerifTe.  The  willing  co- 
operation of  the  last  and  present  President  f  of  the  Royal  Geografihiral  J^ociety 
demonstrates  that  our  nobility  arc  as  much  alive  to  the  vast  importance  of  our 
subject  as  the  middle  classes  of  the  community.  On  my  own  part,  having  laboured 
zealously  in  diffusing  geographical  knowledge  among  njy  countrymen,  I  can  truly  say 
that  my  gratification  is  now  complete  in  seeing  that  this  Section  is  second  in  popu- 
larity and  utility  to  no  branch  of  the  British  Association. 

Oh  ik€  Qtrawm  jRoutes  from  the  JRuseian  Frontier  to  Khiwtt  BokJkmvp 

Kokhau,  rtnd  Garkandf  xcUfi  suggestions  for  opening  tip  a  Tradi  b(^weeH 
Central  Asia  and  India,   By  T.  W.  Atkinson. 


•  Sc*"  tlie  Preface  to  the  *  Silnrinn  System.' 

t  i:*ari  Uc  tirey  and  Ripoa,  aud  Lord  Ashburton. 


Digitized  by  Google 


154 


BSPOBT— 1860. 


On  t/te  Caravan  Po}rff  from  Yarkfind  to  Mai-niatchtHt  with  a  short  acrojfnl 
of  this  Town,  throinjJt  which  the  JVade  is  carried  oh  between  Russia  and 
China.    By  T.  W.  Aikinson. 


On  the  Mannffirturc  of  Stone  Halcheis  and  oUter  Implements  by  the  Esqui- 
mauxt  Hi mt rated  by  Native  Tools,  ArroW'/ieads,  ^c,  3y  Captaiu  Sir 
E*  Bblciier,  R.N, 

Sir  Edward  commenceil  by  setting  furLh  his  belief  in  the  coonexioo  of  the  oortb- 
ern  littoral  tribes  of  Asia*  America,  and  Greenlwid  in  habits,  cnstoma,  and  laagwife, 
difTrrlnc:  Ics?  in  \\v.^  latter  point  thari  in  ourcoun'ir"?  in  Kngland,  Wnic?,  or  Scotland. 
Comparing  the  American  with  the  Asiatics,  the  Tchutchi,  he  found  the  latter  more 
experienced  or  accompUshcd  in  music,  manufacturing  their  own  violins,  and  per- 
forming -woDdcrfallf,  imitating  h  la  Payinim  on  one  string  the  sounds  of  varion 
animals  ;  they  were  also  good  buffoons  and  actors  as  imitating  the  anctic5  of  t  rars, 
ficc.  But  as  regards  the  useful  arts,  or  those  calling  for  invention  or  energy  in  over- 
coming difficulties,  improving  tools,  weapons,  &c.,  they  were  much  inferior  to  the 
Esquimaux  of  America,  and  certainly  far  below  them  in  mental  acqaisitions.  Sir 
Kdward  then  gave  nn  interest inii  dc-jcription  of  the  habits  and  manners  of  the  tribes 
with  which  he  lived  in  contact  near  Icy  Cape.  lie  obtained  great  inflaence  over 
them^  and  ac  long  u  he  continued  to  teach  them  any  new  moide  of  working  they 
aabmitted  to  hia  diracttOD.  IK-  had  no  donbt»  if  necessity  had  compelled  1dm  to  re* 
main  there  (as  he  was  wrecked  tliero),  he  might  have  existed  and  possibly  become  one 
of  their  chiefs.  This  disposition  on  their  port  to  associate  with  and  be  instructed 
hf  white  men,  confirmed  him  in  the  noticm  he  had  entertained,  that  poaaibly  one  or 
two  of  the  crews  of  the  'Erebus'  and  'Terror'  might  have  escaped  and  be  bdw 
willingly  living  among  them. 

The  principal  object  of  the  paper  was  to  explain  the  stone  implements  found 
among  them,  and  similar  to  those  of  Celtic  origin,  as  well  as  their  mode  of  mana* 
farturiii;'  them  from  n  vein  of  chert  at  hand.  Sir  Edward  saw  them  obtain  the 
chert  from  the  stratum,  work  them  into  spear  and  arrow-heads,  arid  there  purchased 
the  articles  as  well  as  the  tools  employed  which  were  explained  in  detail  to  the  Meet- 
ing. No  hammer  or  blow  is  used  in  splintering  off  the  conchoidal  splinters  to  form 
the  serrated  edges,  but  a  tool  of  deer  antlt-i' effects  this  by  prea^^urc  nn  the  faces  alter- 
nately. Sir  Edward  also  observed  that  the  same  process  is  adopted  by  the  Indians 
of  Mexican  origin  in  California,  by  the  natives  of  the  Sandwich  Islands,  as  well  as 
Tahiti,  2300  miles  asunder.  Other  curiously  wrought  and  interesting  instruments,  as 
plane«<,  drill  hows,  &c.,  were  exhibited,  all  manifesting^  great  skill  and  a  higher  deirrce 
of  mechanical  ability  than  we  could  expect  from  an  untutored  race — indeed  a  race 
taking  the  lead  pre-eminently  in  meeting  scientifically  those  wants  occorring  in  savage 
life.  With  reference  to  their  nrnameutatiun  of  their  drill  bows,  fcc.  Sir  Kdward 
niniiitained  that  they  exhibited  proofs  of  record,  which  Dr.  Rae  considered  to  be 
wantmg  in  the  tribes  encountered  by  him  some  degrees  to  the  eastward.  Steam, 
and  the  mode  of  nsing  it,  to  bend  or  straighten  bows  or  arrows,  was  coostaotif  em- 
ployed by  them  ;  and  Sir  Edward  concluded  by  expressing  his  conviction  that  these 
|>eoplc  were  in  a  condition  to  lie  rendered  use  ful  by  civilization,  and  thas  Open  morS 
lucrative  trade  with  the  western  and  soulhcru  nations  in  the  Pacific. 


Oti  t/te  Aryan  or  Indo-Germanw  Theory  of  Races, 
By  John  Crawvurih  FJL8. 

The  object  of  the  writer  of  this  paper  is  a  refutation  of  the  Aryan  or  Indo-Germaoic 

theory,  or  that  which  supposes  all  the  peoples  from  tlio  eastern  confines  of  Bengal 
to  the  western  shores  of  Spain  and  Uritain  to  be  of  one  and  tlic  same  race  of  mnn,  on 
the  evidence  of  a  fancied  identity  of  language.  A  few  uf  the  luuin  objections  advanced 
by  the  author  may  be  stated,  ^e  theory  supposes  a  people,  whose  language  was  the 
Sanskrit,  to  have  miirraft d  nt  some  unknown  time,  spreading  east  in  one  direction 
and  west  in  another,  and  to  have  performed  theav  prodigious  migrations,  although  ao 
agricultural  people,  or  in  other  words,  one  of  fixed  habits.    The  theory  makes  men 
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who  arc  black  like  the  Hindus,  brown  like  the  Russians,  and  fur  like  the  Scandina* 
vians,  to  be  of  one  and  the  same  race/iosisting  that  the  Greeks  of  Alexander  and  the 
Englishmen  of  Clive  had  the  same  blood  in  their  veins  as  the  Hiodua  whom  a  hand* 
fill  of  tbmii  iraoquiabad.   Aa  to  the  soppoetd  identity  of  race  from  Hhn  etidence  of 

language,  the  author  considered  it  pufficicntly  disposed  of  by  the  notorious  fact  that 
raauy  of  the  lans^uncrps  of  Hindustan  spoken  by  people  asserted  to  belong  to  the 
Aryan  litock,  had  ao  luDdamental  relation  to  the  Sanskrit  tongue  of  the  suppoiied 
Aryiuu.  la  Earope,  Uie  iaolafced  Baaqae  lugaage  wu  evideooa  to  the  mum  emct. 


(M  the  ImfiueHM  of  Domestic  Animals  on  the  Progress  of  CMUaatUm  {Birds)* 

By  John  Crawfurd,  F.R.S. 

The  object  of  this  paper,  one  of  a  aeries  on  the  same  subjecti  was  to  show  the 
efl^et  of  ue  domesticated  animals  in  the  civilization  of  man*  and  was  conflned  to 

birds.  The  author  showed  that  out  of  the  vast  variety  of  the  feathered  creation,  not 
above  nine  or  ten  ^ppcies  had  been  domesticated,  while  there  was  a  wide  range  in 
the  quality  and  amount  of  the  domestication  which  even  this  small  number  had 
attained.  The  origin  of  a  few  of  the  species  only  could  he  traced  to  particular 
countries,  as  the  common  fowls  to  India  and  Cliina,  the  turkey  to  >fexico,  and  the 
gatiinse  to  Africa.  But  he  socmod  to  think  that  the  first  domesticatetl  of  the  greater 
number  was  common  to  several  countries,  us  the  grouse,  pigeon,  duck,  to  must 
countries  of  Europe  and  Asia.  The  author  further  showed  that  the  numbers  of 
birds  donuaticated  by  a  people  might  be  considered  a  measure  of  their  rehitive  civili- 
sation. Thus  savages  possessed  no  domestic  bird  at  all ;  barbarians  very  few,  and 
the  most  advanced  only  the  whole  number.  Thus  the  savage  tribes  of  America  pos- 
sessed none  at  all.  The  Mexicans  possessed  but  one.  The  more  advanced  tribes  of 
the  South  f^ea  had  ot-o,  the  common  fowl,  while  the  Australians  had  none.  The 
Mahiyan  nations  were  pod:>ussed  of  two,  the  common  fowl  and  duck  j  the  i'ersioos 
of  these  and  the  pigeon,  and  Hindus  of  the  last  three  with  the  peacock ;  and  the 
Chinese  of  five,  the  common  fowl,  the  goose,  the  pigeon,  and  two  species  of  pheasant* 
It  is  tJie  more  civilized  nations  of  Europe  alone  that  possess  the  entire  number* 


On  certain  remarkabie  Deviations  tn  the  Utature  of  liuropeans. 

By  K.  Cull. 


On  the  Bmtimee  of  a  true  Plural  of  a  Personal  Pronom  ni  a  Uokig 
European  Language,  By  R.  Cule«« 


On  a  Set  of  Relief  Models  of  the  Aljrs,  H^c, 
By  Captain  Cybulz»  Imperial  Austrian  Artillery, 

'I'hc  author  desires  to  introduce  to  the  notice  of  this  Mectinc;  a  set  of  models,  in* 
tended  to  faciUtate  instruction  in  the  manner  of  delineating  the  Ic'atures  nl  the  ground 
on  topographical  maps,  and  lately  introduced  into  the  technical  schools  of  Austria* 
It  is  the  first  aim  of  the  author  to  lead  the  pupil,  by  means  of  these  models,  to  a 
correct  under-»tRnding  or  appreciation  of  form,  us  the  only  wny  of  firodiicinp  a  first, 
rate  topograpliical  draftsman.  Instead,  therefore,  of  betiing  hiiu  to  mutate  drawings 
from  paper,  nis  studies  and  copies  will  be  made  from  models,  and,  at  a  more  advanced 
stage,  from  nature  itself.  These  models  represent,  first,  inclined  |)lancg  or  slojHis, 
separ  ntc.in  combination,  or  intersecting  each  otlier.  It  is  from  these  the  pupil  acquires 
the  lu  at  idea  of  the  principle  upon  which  depends  a  correct  delineation  of  the  ground. 
Secondly,  we  have  three  models  which  rei>re£ent  the  most  characteristic  and  meal 
widely  distribuud  features  of  the  ground.  Having  acquired  from  the  precrdintr  a 
thorough  knowledge  of  fundamental  principles,  the  pupil  will  proceed  to  delineate 
upon  paper  the  following  models.  These  represent,  first,  an  undulating  country  ; 
secondly,  a  plateau  formatioo,  with  deeply-cut  valleys;  thirdly  and  fourthly,  soma 
mountainous  tracts.  Contour  lines  have  been  laid  down  upon  the  whole  of  these 
models  with  mathematical  accuracy.  The  horizontal  projection  of  some  of  the  most 
diAcolt  asctlons  has  also  heea  added,  to  illustrate  the  manner  of  filling  up  tbt  con- 
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tour  lines  nnd  laying  down  auxiliary  contours.  It  lias  not,  however,  been  thought 
advisable  to  do  more,  as  otherwise  the  pupils  would  avail  themselves  of  these  facilities 
to  too  great  an  extent.   A  small  instroment  for  measuring  the  gndieots,  and  a  ante 

showing  the  inlensily  of  the  s^hadlng  (harhorrrs)  (or  vai  ious  degrees  of  acclivity,  are 
to  he  mnde  use  of  in  copying  the  niodeis.  'Ihc  author  believes  tliat  the  use  of 
models,  judiciuusiy  selected,  will  engage  the  pupil's  uuinterrupted  atteotion  ;  he  will 
overcome  mechanical  difficulties  with  greater  facility,  end  will  not  be  eo  wearied  as 
by  the  tedious,  but  abortive,  and,  in  renlity,  useless  attempts  to  copy  a  topoL'rnphical 
drawing  placed  before  him.  The  author  would  add,  that  his  models  have  been  made 
of  galvanoplastic  copper,  and  are  therefore  not  so  liable  to  breakage  as  plaster^* 
Puis  modcle. 


On  the  Arrangtment  of  the  Farts  and  Dwelling -places  of  ike  AnaaU  Irish* 

JJy  t/ie  Hev.  Professor  Grav£S»  M,A* 

Oh  cierftRfi  £iknoloffica{  BouMen  tmd  Uuhr  prMbk  OH^. 
J9y  the  Rev.  £j>w.  Himcks,  DJD, 

The  author  began  by  observing  that,  if  a  geologist  wcie  to  see  a  mass  of  stone 
lyinpr  in  a  place  where  nl!  the  rocks  around  were  of  a  totally  different  character,  he 
would  not  be  satisiied  tili  be  had  accounted  for  its  being  there ;  till  he  had  fouud 
whence  it  came,  and  at  what  period,  and  by  what  agency  it  was  brought.  He  be* 
lievrd  fhr\t  liVr  inquiries  should  be  made,  and  might  be  ans'Vf  rc  ,  rr<^pccting  ctlino- 
logical  boulders  ;  by  which  he  understood  words  occurring  m  writings  of  remote 
antiquity,  which  were  of  a  totally  different  character  from  the  words  of  which  the 
writings  were  mainly  composed.  He  believed  that  it  woald  be  possible,  by  help  of 
these  boulders,  to  trace  the  people  to  whose  language  the  words  belonged,  aloiTr  the 
line  by  which  they  roust  have  travelled,  forward  to  the  point  where  their  migratiua 
terminated,  and  backward  to  thi^  where  it  must  have  commenced.  In  the  pre- 
sent paper  he  proposed  to  do  this  in  a  particular  case,  the  discussion  of  wliich 
was  peculiarly  appropriate  to  the  present  meeting,  as  it  related  to  that  language*  a 
proficiency  in  which  was  the  acknowledged  ^lory  of  Oxford. 

The  language  of  th«  Assyrian  inscriptions  la  of  the  family  called  Semitic,  that  is, 
of  the  same  family  with  Hebrew  ;  and  by  the  way  it  resemblee  tbb  language  in  some 
important  particulars,  such  as  having  a  Niphhal  conjugation,  more  closely  than  it  does 
any  other  known  language  of  that  family.  It  is  remarkable  also  that  the  copious 
inscriptions  whidi  exist  in  this  language  were  all  written  between  the  writing  of  the 
earliest  and  the  writing  of  the  latest  books  of  the  Old  Testament ;  so  that  it  would 
seem  that  no  language  could  be  expected  to  clear  up  what  is  obscure  in  these  books 
so  well  as  the  Assyrian. 

In  these  Semitic  inscriptions,  however,  numerous  words  are  to  be  met  with  whiA 
are  evidently  not  Semitic.  One  class  nf  such  words  was  pointed  out  several  years  ago 
by  Sir  Henry  Kawlinson.  They  belonged  to  the  language  of  Chaldea  or  Accad,  which 
was  spoken  to  the  south  of  Assyria,  and  which  he  pronounced  to  be  an  Hamitic 
langmSge,  akin  to  the  Egyptian. 

In  a  paper  read  r^t  the  Dublin  Meeting  of  the  British  Association  in  1857,  of  which 
a  copious  abstract  is  given,  pp.  134-143  of  the  Report,  Dr.  Uincka  took  a  very 
clAmit  view  of  dw  nattn:.  lie  maintained  that  this  Aecadian  language  represented 
a  slater  langoage  to  that  which  is  the  common  parent  of  all  the  Indu.Kuropean  lao- 
giiage^  ;  the  common  parent  of  tliese  two,  which  he  called  the  Japhetic  language, 
beinii^  a  sister  to  the  Egyptian  language  and  to  the  common  parent  of  all  the  Semitic 
languages.  He  now  iJSrmed  that  the  views  contained  in  that  paper  (with  which  he 
must,  for  brevity,  assume  that  his  hearers  were  acquainted)  were  fully  confirmed  by 
his  subsequent  researches,  and  that  ho  had  met  with  nothing  inconsistent  with 
them.  The  linguistic  pedigree  there  laid  dowa  was  so  fuUy  established  by  induction 
from  a  nnsrhf***  of  verbal  pedigrees  that  it  needed  no  further  confirmation.  8till, 
c^'-uparisons  of 'ndo-European  words  with  words  of  one  of  the  languages  above 
named,  which  was  90t  Indo-European,  would  be  found  useful,  and  that  in  three 
ways  ^— 

1»  Such  «  comparison  Aight  establiBh  the  Ihct  of  a  word  having  been  in  aae  in  the 


Digitized  by  Google 


TBAN8AOTION8  OF  TOB  8B0TION8* 


original  family  from  which  the  Indo-Europcaiv  races  have  sprung.  This  fact  may  be 
inferred  from  the  word  being  used  by  remote  subftmilies ;  bot  its  being  used  by  two 

suhfamilics  (or  even  by  a  single  one),  and  being  also  found  in  one  of  the  languages 
that  arc  cognate  to  the  original  hulo-lCuropean,  but  not  derived  from  it,  is  still 
stronger  evidence.  Thus  the  word  /torse,  which  i:*  peculiar  to  the  Teutonic  family,  but 
which  is  ccignste  to  the  Latin  ciirro,  "  I  go  like  a  horse,  t.  e.  I  run,"  is  showo  to 
have  been  in  use  in  the  original  Indo-European  family  from  its  evident  connexion 
with  the  Accadian  hurra.    The  original  Indo>European  root  must  have  been  kur$. 

2.  Such  a  comparison  may  determine  the  original  form  of  mn  Indo-European  root, 
which  varies  in  the  different  languages  known  to  us ;  as  it  may  also  determine  the 
original  Semitic  form.  For  example,  in  p.  I4l.  Report  for  1857,  the  facts  that  the 
original  Indo-European  form  of  the  second  numeral  was  thwi  and  the  original  Semitic 
fona  thnij  could  only  be  establiehed  by  b.  compajriMii  of  the  diSierent  forms  known  to 
exist  with  the  Accadian  mi,  as  explained  in  that  paper.  In  treating  of  the  words  tot 
"lion,"  No.  14,  he  was  ignorant  that  the  Assyrian  word  was  libbtt.  Comparing 
this  Willi  the  Accadian  Jig,  he  now  thinks  that  the  Semitic  form  must  have  been  ligb, 
and  thftt  this  w«s  also  tlie  Japhetic  form.  The  Indo*  European  root  would  be  Hgw* 
In  tiatin  this  would  be  declined  lix,  livUi  and*  as  Ct}iuvli  gives  muno  in 
English,  and  snig,  swg  in  the  Letto-Sclavontan  languages,  so  lowt  in  modern  and 
lew  in  older  German  correspond  to  lix\  and  lig  might  be  the  ancient  lA;tto-Sclavo« 
nian  root,  equivalent  to  these. 

3.  An  etymological  relation  between  Indo-European  words  may  possibly  be 
established  if  both  can  be  shown  to  correspond  to  the  same  word  in  a  language 
which  is  not  Indo-European.  Thus,  the  relation  between  ykvKvs  and  yXiaaaa  is  not 
generally  admitted  by  Greek  lexicographers;  though  if  the  words  be  written  as  they 
would  be  in  the  Cadmean  alphabet  (see  p.  142  of  the  former  paper),  y\oK-f(e  and 
y\oK-ia,  the  resemblance  is  easily  seen,  liut  this  relationship  is  established  when 
we  find  that  yhlu  is  used  in  Egyptian  both  for  "  sweet  "  and  for  "  tongue."  The 
Latin  dulcis,  originally  dtucvia,  is  cognate  to  these. 

Enough,  however,  on  the  suhjrrt  of  the  Accnrlinn  words  occurring  in  the  Assyrian 
inscriptions.  They  present  no  ethnological  difficulty,  as  the  people  who  spoke  the 
language  to  which  they  belonged  lived  close  to  Assyria.  The  case  is  the  same  with 
the Semitle  words  which  occur  in  the  Egyptian  inscriptions.  He  pointed  ont  ono  la 
1845  J  n^DTD  *'  a  chariot ; "  used  also  tor  "  chariots  ; "  the  Egyptians  not  generally 
expressing  the  vowels,  and  thus  writing  the  terminations  etk  and  6th  alike.  Mr. 
Birch  has  since  found  another  meaning,  "  round  bucklers,"  which  appears  to  be  the 

Arabic  ^^^jw  These  are  Canaanitish  words,  expressing  objects  brought  from 

Canaan. 

There  were  words,  however,  in  die  Assyrian  inscriptions  which  Dr.  Hincks  be- 
lieved to  be  Tndo- European  ;  and  as  no  Indo-European  people  had  been  hi'herto 
recognized  us  existing  on  the  west  of  Assyria,  their  existence  presents  an  ethnolo- 
gical difficulty  which  the  author  seeks  to  explain  in  this  paper. 

The  words  in  question  were  ligtcinJinas  and  laaanan.    The  former  occurs  on  a 

freat  slab  or  altar  in  the  north-west  palace  at  Nimrftd  (B.  M.  Series,  pi.  4  4,  I.  17). 
ivery  other  word  in  the  sentence  is  of  known  siguilication.    "  L.  alive  i  took  cap- 
tive." From  the  context  it  must  necessarily  be  the  name  of  an  animal,  in  the  ptond 

number  (being  joined  to  a  plural  adjective)  and  in  the  accusative  case  (being  governed 
by  a  trnnsitive  verb).  Every  one  who  has  the  slightest  knowledge  of  the  prarnrnar 
of  the  beuiiLic  languages  niut>t  see  that  ligwindin  ts  cannot  be  a  Semitic  accusative 
ploral  \  and  every  one  that  knows  anything  of  the  grammar  of  the  Indo-European 
languages  mu-'t  see  that  it  is  a  ngularly  formed  Indo-European  accusative  plural. 
Taking  it  as  Sanskrit  or  Zend,  tlic  nominative  singular  would  be  iigwindi;  taking 
it  as  Greek,  it  would  be  ligwindis  or  iigwindin.  ^Vhatever  be  the  particular  language 
to  which  it  belongs,  and  whatever  be  the  meaning,  its  being  Indo-European  ought 
not  to  l>e  questioned.  The  other  word,  Idsanan,  has  puzzled  the  interpreters  of  the 
Assyrian  inscriptions  as  much  as  any  other  word.  It  occurs  in  several  contexts  : 
"  king  id«ttmiH**  after  "  king  of  Assyria  "  on  Bcllino's  cylinder,  I.  1  ;  "  ruler  of  the 
tribes  lAsanan,"  on  the  Tiglath  Pilescr  cylinder  (I  .  29),  "  wlelder  of  the  sceptre  tf«a* 
nan,"  same  cylinder  (VI.  S6).  "Assur  the  great  lord  has  made  me  topo«p5s  (?  yn^rt'L 
UmanM'f  the  first  radical  may  be  T,  D  or  D)  the  kingdom  Idi^anan,"  BelUno's  cylmder^ 
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1.  4.   In  all  diete  eonlMts*  ik  genithw  of  Um  namft  of  ft  people  who  were  not  Awy- 

rian  seems  required.  Yet  UUanan  is  an  impossible  form  fur  a  Semitic  genitive.  The 
wonl  \Mh,  "a  language,  i\  e.  a  people  s{5eiiking  Ji  language,"  suggests  itself  at  once; 
but  its  genitive  plural  would  be  lUaHuti.  i  he  idea  that /<i«aNa«  bitould  be  re^oUed 
into  two  worde,  the  first  being  U,  the  oegative  portide,  soggested  itaelf  alao ;  but  to 
this  also  tViere  were  insuperable  objrc  ti  ns  ^:tnnn  is,  no  doubt,  the  theme  of  an 
ftc^ective ;  but  when  joined  to  a  nouu  il  must  have  a  case  ending.  In  the  first  con- 
test the  rules  of  grammar  would  require  sannUt  in  the  second  sanndii,  in  the  third 
umaUi  eoph.  for  sananti.  In  the  fourth  samt  is  io  conttroction,  and  would  require 
a  genitive  after  it,  and  not  an  adjcctivr.  T};f  same  might  be  said  of  kissai  in  the  ^ec^ln(l 
context.  Besides,  id  sanan  would  mean  "  not  lighting."  and  would  be  the  very  \imt 
titio  Aftt  ft  king  of  Assyria  wottid  apply  to  btmeelf.  llie  trftiulft^ii  '*  ODchangiDg," 
whidllUM  been  suggested,  would  require  Iti  tanah.  in  place  of  Id  »anan,  if  the  ctM 
•nding  were  to  f  c  omitted,  which,  however,  it  could  not  be.  Wlietli'-r.  tlKrcfnrc, 
fdminam  be  regarded  as  one  Asayriaa  word  or  as  two«  it  pretenta  lu&uperablc  dith< 
cttltiee.  These,  however,  disftppcftr  ftt  once  if  it  be  conftidered  as  nn  Iod(^Europc«B 
word.  It  has  all  the  appearance  of  an  Indo-EuropeaD  gieilitive  plural  from  a  nomi* 
native  hhfru ;  and  such  a  word  is  just  what  will  suit  all  the  contexts.  Accordingly, 
the  recoguiuou  of  ligwiHtimtu  as  Indo-European  led  immediately  to  the  recognitioa 
of  Mmuum  n  to  too. 

The  next  question  to  be  considered  is  to  whftt  country  the  Indo^Enfopeta  people 

whotised  these  words  helonf^M'd. 

The  account  ut  the  hunting  cx|)edition  in  which  the  Assyrian  king  took  the  lijf' 
wnHmu  is  picctded  by  that  of  hia  receivinf  tribute  from  the  people  on  tiie  coast  of 

Syria,  beginning  with  thcTyrians  and  ending  witli  the  Arvadites.  This  renders  it 
probable  tha*:  his  hunting  wa«  nn  thr  vTst  af  Assyria;  and  indeed  he  states  in  the 
Pavement  luticriptioas  that  hu  huuted  un  the  bauks  of  the  Luphrates.  Again,  if  the 
word  libmun  signified  ft  people,  other  than  the  Assyrians,  over  whom  Tiglath  Hleser 
acquired  donunim,  they  must  have  been  to  the  west  or  north  of  Assyria  ;  fur  he 
mentions  no  conquests  towards  the  !iOUth  ;  and  we  know  from  the  toscription  of 
Sennacherib  at  Bavian  that  he  was  defeated  by  his  soutlicrn  neighbours,  his  capital 
taken,  and  hia  gpds  carried  off  by  thetn.  He  could  have  had  no  dominion  over  the 
Medians,  or  any  ncigbbouring  people  that  have  been  hitherto  supposed  to  be  Indo- 
European. 

Inis  leads  to  the  inquiry  whether  the  Egyptian  or  Assyrian  inscriptions  afTord  any 
grounda  ftvr  the  supposition  thai  an  lodo^Kuropaaa  population  was  located  in  Syria. 

Fiftrrn  years  ago  Dr.  Ilii  t  ks  pronounced  certain  names  published  by Chan![)()llion 
as  those  of  the  chiefs  of  the  Khita,  to  be  Indo-European.  Four  names  terminating 
with  riro,  as  ChampolUon  read  the  chsracters,  were  published  by  him,  the  former 
part  of  the  first  name,  which  was  tliat  of  the  chief  of  the  nation,  being  Khita,  the 
name  of  the  nation.  Dr.  Hincl<s  affirmed  in  1845  that  this  name  must  be  Indo- 
European,  and  must  mean  "  lord  of  Khita."  He  read  the  latter  part  of  the  name 
swtfi*,  connecting  it  with  Kvpior*  M.  de  Roog^  adopted  this  interpretation  of  the 
name,  but  said  that  the  second  element  in  it  was  the  Semitic  ^rrr;  to  which  itWSi 
replied  that  no  Semitic  compound  could  be  formed  as  M.  de  Rougd  supposed. 
'*  Lord  of  Khita"  would  be  Har-Khitti,  not  KhiiO'tar,  according  to  the  modeoC 
arrangement  of  the  elements  of  a  compound  name  adopted  by  all  Semitic  people. 

From  the  fact  of  these  names  being  Indo>Euro[>ean,  Dr.  Hincks  at  first  inferred  that 
the  enemies  of  Rameses  II.  were  Scythians,  as  Champollion  had  supposed  ;  but  it 
was  subsequently  proved  that  they  lived  within  a  bhort  distance  of  Egypt ;  and  their 
capital  KadUh,  formerly  read  AtUk,  was  identified  with  a  place  on  the  Oronhw, 
south  of  Emessa.  Tluy  wete,  in  short,  the  Khoitaya  of  the  Aasyrian  inscriptif  i  ~, 
and  the  Ilittites  of  the  Old  Trstament ;  and  their  religion,  a*-  «-li<*\vn  by  the  Kg\  ptian 
inscriptions,  was  clearly  Louaaniti&h.  How  then  could  they  have  ludu-Kuropean 
names! 

Conceiving  it  to  be  certain  that  tome  of  their  rhirfs  had  such  names  in  the  time  of 
Rameses  IT.,  Dr.  Hincks  reccncilri!  this  fact  with  the  other  by  supposing  that  Indo- 
Europeans  had  previously  overrun  their  country,  and  acquired  dominion  over  it; 
but  tnat  they  had  adopted  the  religion  and  probably  the  hingoage  of  the  conquered 
people  ;  at  any  rate  I)  '  y  1  .id  failed  to  impose  upon  them  their  own  language  Tlie 
Khiia  had  chieb  with  lndo*Europcau  namcs^  and  doubtless  of  Indo-European  race; 
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just  as  the  English  in  the  twelfth  century  had  Norman  chief'?  with  Norman  namMj 
bat  the  great  body  ut'  the  people  had  in  both  instances  remained  uuchaoged. 

There  was  thus  evidence  that  a  body  of  I ndo- Europeans  had  cooqiiered  the  eonn« 
try  north  of  Moutd  Lebanon  before  the  reign  of  Hnmeses  II.;  aiul  r  n  the  other 
hand,  there  was  evidence  that  at  the  marriage  of  Amcnholp  III.  the  Kgyptian  empire 
extended  to  Naharina  or  Mesopotamia.  During  this  interval  a  peculiar  form  of 
Bun-worship  was  introduced  into  Egypt,  and  obtained  a  temporary  superiority.  That 
this  worship  was  of  Aryan  origin  and  that  its  introduction  synchronized  with  the  loss 
of  the  foreign  cooqueata  of  the  Egyptians,  are  generally  admitted  by  Egyptologista. 
The  middle  of  the  reign  of  Am«uioip  III.  muit  tiierefore  hftve  been  aboat  Uie  time 
when  the  IndO«European  invasion  in  questioD  took  place ;  i.  e.  according  to  Leptiue, 
1506  b.c.  ;  according  to  Bunsen,  1468;  according  to  Dr.  liincks,  about  I3Q0. 

Of  the  four  proper  names  of  Uittite  chiefs  which,  according  to  Champollion, 
ended  in  nto,  three  nre  amipoied  by  Dr.  Hincks  to  signify  lorda  of  difleroat  people  t 
the  fourth  (So/m-«tre(tf  CDampolUon)  he  rchdsAsp-hwar,  "lordof  thehorae."  This 
reading  (which,  nswell  ns  the  worship  of  the  sun  which  tlic  =  p  I  ndo- Europeans  prnc- 
tiaed,  suggests  their  close  connexion  with  Fersi&)  is  couhrmed  by  the  name  of  KuS' 
fMpn  Icing  of  Kammalth,  or  Commagene,  who,  along  with  Ruin  of  Dtrnmum 
nnd  Minikhimi  of  Samaria,  paid  homage  to  Tiglath  Pileser  II.  It  would  npptnr 
that  this  Indo-European  immic^ration  took  deeper  root  in  northern  than  it  did  in 
soutliern  Syria.  The  name  Kustasjn  is  evidently  a  compound,  sigtniying,  hkc  that 
of  the  father  of  Darius,  *'  having ....  honee the  meaning  of  the  participle 
or  kusfa  being  uncertain.  In  Sanskrit  and  Zend  such  compounds  require  no  suffix 
at  the  end.  Assuming  that  kusfn  sitjnific'd  "chosen,"  kvstaupa  ^cx\.  kn^tn}>j>ahyd 
would  siguify  "  having  a  chosen  hor^e,  or  choseu  horses."  Here,  however,  a  su^x 
is  tdded.  The  name  ia  tailaipt,  which  would  have  for  its  genitive  tectafpfoaa.  Thhi 
marked  difference  nn  nra:ument  for  the  divtT:<itv  of  the  Indo-KT:rnpran=i  of  Syria 
from  the  Persians,  though  they  rcAembied  them  in  their  sun-worship  and  in  using  aspa 
for  "  horse."  Another  argument  to  the  same  effect  is  derived  from  the  impoaaibility 
of  a  Persian  population  malting  an  incursion  into  Syria.  Not  only  ia  the  Semitw 
population  of  Assyria  interposed,  but  either  Media  or  Klymais  woiil<!  hnvc  to  be 
traversed,  in  the  latter  of  which  the  language  was  of  a  totally  different  character 
Arom  any  Indo-European  one  ;  while  in  the  former  a  dialect  of  Peraian  was  used,  in 
which  we  know  that  aspa  did  not  signify  "  a  horse."  In  the  Dehistun  inacriptioat 
whicli  wp-s  in  this  dialect,  "horse"  i"  orpre^^cd  bv  asma,  inptrnd  nf  by  rif^tn,  as  at 
Persepolis.  See  lines  86,  87  of  the  (irst  column,  where  datha  and  asma  (in  pure 
Feraiaa  duH  and  aigMi)  are  tranalatad  in  the  Bcythic,  or  rather  Elymean  ieraion» 
published  by  Mr.  Norria,  by  the  well-known  Accadian  words  habba  and  Jhirra, 
which  nre  constantly  used  in  the  Assyrian  inscriptions  for  "elephants"  and  "horses." 
The  true  translulion  of  the  passage  is  this :  "  I  divided  the  army.  A  part  i  made  to 
be  carried  by  elephants.  Theotmr  part  I  made  to  awim  with  Uia  horses." 

These  considerations  lead  to  the  conclusion  that  the  I  ndo*  Europeans  in  Syria  did 
not  come  from  Persia ;  but  that  the  Persians  and  they  formed  part  of  the  snmrhody 
of  immigrants,  which  divided  into  two  bodies  in  Armenia  or  the  neighbouring  country. 
The  nest  thing  to  be  considered  is  the  evidence  which  may  exist  of  such  a  people 
havint;;  been  settled  in  northern  Syria  and  the  country  to  the  north  of  it. 

This  evidence  consists  of  proper  names  of  mm  prc^^mTfl  in  the  Asevrinn  inscrip- 
tions, which  appear  to  be  Indo-Eurupean  cumpuuuUsi  and  of  names  ot  dtstricta 
whidi  end  in  a  sibilant  which  disappeara  when  the  word  ia  iofleetod*  and  wli^k 
must  thereforo  he  the  sign  of  the  Indo-European  non^inntivi"  ^'ingnUUT |  alsoof  nantta 
of  districts  in  the  genitive  singular,  which  also  terminates  in  $. 

A  scries  of  proper  names  of  princes  which  all  terminate  alike  is  found  in  the  Tiglath 
Pileser  cylinder ;  namely,  Kaliantiru,  KUiaittirm,  and  SadUmHnh  The  faet  of  the 
latter  parts  of  the  tliree  names  being  the  same,  strong  preaumptive  evidence  that 
those  names  are  hido-Europcan.  To  determine  their  respective  meanings  is,  how- 
ever, the  part  of  philology  and  not  of  ethnology.  The  name  Kaahkatht  which  uc- 
CUfB  in  the  Sallier  Papyrus  No.  3,  aa  that  of  a  country  in  alliance  with  the  Khita,  ta 
manifestly  the  Kasloya  of  ihr  A  '^yrinti  in^rrifitifms  ;  and  the  Muskaya  of  these  last, 
the  ']U?0  of  the  Hebrew  Scriptures,  is  the  Muthutk  of  the  E^ptian  inscriptions,  or, 
as  it  thoald  rather  be  written,  the  Mnthuk ;  for  in  ancient  tunes  tht  Egyptians^  like 
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tbe  AMyrians,  hvi  no  SlI.  They  expreu^  that  ftouad  ia  foreign  words  by  their 
double  letter  SK.  In  both  tbeie  tnstanoes  the  final  tibiinnt,  whidi  it  ^pnuentd  in 
the  Egyptian,  disappears  in  the  Assyrian  gentile  adjective.    In  the  name  of  Caicfae- 

nish  {Gargamutk  of  the  A'^^-^vrian  and  Egyptian  inscriptions)  the  case  ending  is  pre- 
served in  Hebrew,  Assyiiuii,  and  Egyptian.  In  Tarshtsh  itia  preserved  in  Hebrew, 
but  lost  in  Egyptian,  lliit  name  has  not  been  met  with  in  the  Aaejrriaa  ineerip* 
tions ;  but  the  Greek  form  Tap(7-<Jt  sliows  that  the  second  sibilant  in  the  Hebrew  word 
is  a  caso  ending.  In  the  Tiglath-Pilc-er  in!5cription  names  of  district^;  are  always 
expressed  lu  tbe  genitive,  tlic  ch<iiixcter  bigiurying  "  country  "  which  preccdt'^  them, 
being  to  be  read  as  a  noun  in  construction,  mat.  Some  of  theae  genitivea  are  Aaay- 
rian.  as  Kummnlchi,  "(the  laiulof)  Kumimikh;"  !)ut  others  are  to  all  appcnran~p 
Indo-European,  as  Ligrakhinas.  Aminaus,  Adaus.  Skaraus.  These  last  three  have 
a  strong  resemblance  to  the  genitives  of  the  Persian  nouns  in  tt«A,8uch  as  Margauah, 
Babilaush.   Hie  au  was  pronounced  as  two  ajrllabtea. 

Til  '  next  point  investigated  was  the  interpretation  of  the  words  of  this  language, 
liywiudinm  and  ItisaHan,  and  their  connexion  with  like  words  in  other  languages. 
Tbe  former  word  was  supposed  to  Be  equivalent  to  "ktwntwbtit,  and  the  latter  to 
XaStv.  It  was  observed  that  \fbiv  waa  a  secondary  word  for  "  lion,"  the  participle  of 
a  verb,  which  waa  itself  derived  from  the  primitive  word  \'it,  originally  \tFi.  The 
words  first  introduced  were  nouns,  from  which  verbs  were  derived.  Thus  mus, 
mtw,  expretied  the  idea  to  which  the  name  was  firat  assigned.  It  bad  been  akat«d, 
and  assigned  as  a  reason  why  the  Sanskrit  language  ought  to  be  acknowledged  as 
the  parent  of  the  European  lanfjunges,  that  Sanskrit  was  the  only  langiifi^p  in  which 
the  verb  "  to  steal,"  from  which  monjre,  the  stealer,"  was  derived,  was  known  to 
esist.  It  is  very  true  that  the  Sanskrit  noun  signifying  "a  mouse*'  was  derived 
from  a  Sanskrit  verb  signifying  "  to  steal ;"  but  this  verb  was  itself  derived  from 
a  primary  noun  sicnifviriR  "a  mouse,"  which  was  preserved  in  Gre^'k,  Latin,  and 
Teutonic,  though  unknown  in  Sanskrit.  As  in  English  we  say  "  to  a^e  a  person," 
meaning  "to do  to  him  what  an  ape  does,"  I.  e.  "  to  imitate  hhn  $**  so  we  night 
say  "  to  mnuip  a  thing,"  meaning  "  to  do  to  it  what  a  mouse  dors,"  r  e.  "to  steal 
it."  !n  Wilson's  Sanskrit  dictionary  four  different  forms  of  the  verb  "  he  mouses  it  " 
are  given  ;  but  the  rool,  the  primary  noun  mm,  is  not  to  be  found  in  the  language 
at  all.  So  much  for  this  argument  in  favour  of  the  antiquity  of  Sanskrit,  as  com* 
pared  wltlt  t  h  I  European  languages  cognate  to  it !  Whatever  weight  it  haa  is  in  tba 
opposite  direction. 

Uttiug  the  primary  for  the  secondary  Greek  word  for  "  lion,"  and  the  nncontracted 
form,  wa  should  have  Xto(id<ar.  In  the  Cadmean  alphabet,  in  which  t  was  ooly 
used  as  a  semivowi  I,  titis  would  be  written  \(foFtthtas  ;  and  the  word  preserved  iu 
the  Assyrian  inscrijptions,  if  expressed  in  the  same  alphabet,  would  be  \typ€vb(vas. 
The  other  word  Imaium,  expressed  in  this  alphabet,  would  be  Xao'evor,  or  at  least 
might  be  so  rendered  ;  for,  as  long  a  expressed  the  sound  of  a  in  fall  or  in  father, 
the  rdrrcsponding  short  a  might  have  the  sound  of  o  in  folly  (which  would  b?  ex- 
pressed by  o)  as  well  as  that  of  n  in  fat.  So  the  Assyrian  Aranta  became  'Opovrnt 
in  Greek.  In  this  same  Cadmean  alphabet,  Xomv  would  be  Xdir^ :  the  v  being  hera 
*'  K$fi5n\()»,"  or  deceptive; — written,  but  not  pronounced ;  as  it  was  so  lata  as  tika 
time  'if  F'indar. 

The  dropping  of  the  sibilant  between  two  vowels  being  admitted  to  have  token 
place  in  a  great  number  of  instances  (if  not  in  every  instance  where  it  waa  originally 

unaccompanied  by  a  consonant  or  semivowel)  by  all  Greek  grammarians  ;  and  the 
vjv  of  the  genitive  plural  being  aU<»  n-bnitted  bv  ]\npp  and  otlicra  to  have  been 
originally  omv  and  then  oou  (as  /i<(^ai  was  originally  ^(i^ova  and  tiicu  ^ti^ua),  there 
is  no  difficulty  whatever  in  deriving  tbe  second  Greek  word  in  classical  nse  from  tiiat 
preserved  in  the  Assyrian  loscriptiona.  The  former  of  the  two  words,  however, 
requires  some  remarks. 

In  the  first  place,  it  is  not  generally  admitted  that  -car,  from  a  nom.  sing. -ijr,  has 
sprung  from  fW.  It  is  commonly  supposed  to  be  from  4atts*  The  point  suggested 
is, — that  the  Ur-Clri*  chisch  word  now  discovered  is  evidence  that  this  supposition  is 
jiot  altogether  correct,  it  is  admitted  that  a  compound  adjective  in  -I'ji,  the  latter 
^ment  of  which  is  a  noun  in  -os  -cor,  such  as  ducr-fUK^r,  dt-mjr,  would  have  originally 
formed  ito  genitive  in  -coor.  Such  a  word  would  correspond  to  a  Sanskrit  noon  in 
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at,  as  dur-fnand*.  But  the  question  now  raised  is  whether  there  may  not  be  com- 
poand§«  the  last  element  of  which  it  a  verbal  root,  or  a  primary  nou'a  from  which 

this  is  derived,  to  which  the  suf!ix  in  was  attacheJ  as  implying  possession  ;  and 
whether  the  in  of  such  compounirfs  has  not  become  in  the  nominative  -r/v,  ;  so  that 
these  adjeciivui  terminations  are  in  some  instances  the  equivalents  ul'  the  Saniikrit 
adjectiviU  terminations  {,  t.  l*his  is  supposed  by  Dr.  Hiocks  to  have  been  the  case 
in  such  instances  as  /ii'\f>-fto-jjs,  tt'\t}()-f)i,  Tfii'fip^f(T)-qt,  Sec.  ;  the  roots  being  18 
Xad  and  tjif!.  i'he  original  I'orm  of  the  f»uHix  uiii)ly»ng  jioiisession  he  supposed 
to  be  ith,  wiiicii  was  ltal)le  to  pass  both  into  is  and  into  in.  Thu?,  in  the  luat  person 
plarai  of  active  verbs  the  orii^inil  form  m»ik,  written  -ftcr,  •/ird  (retained  in  the  pas* 
sive,  where  we  have  in  cla^^ical  Greek  -^(0a),  became  /iff  and  diulectic.illy  /iff.  It  is 
this  ih,  written  in  the  ulU  aipliabet  r  or  8,  which  is  so  apt  to  he  dropped  between 
vowels,  and  at  the  end  of  a  word«  and  which  in  the  latter  position,  if  nut  dropped, 
most  be  changed  into  v  or  v.  In  reality,  the  root  which  is  above  written  tpn  was 
ere//i. 

The  addition  of  the  suffix  in.  implxing  possession,  to  a  compound,  is  unusual  io 
Sanskrit;  but  iastaoceamay  be  produced.  One  is,  according  to  Uopp,  umnutfa'sSf* 
itt.  In  Lithuanian,  however*  a  bufHx  is  generally  added  to  the  compound.  It  ap- 
pears in  th!»  present  Inoi^uagc?  ns  i,  which  Bsjpp  supposes  to  h.ive  been  i(t,  but  which 
may  have  been  originally  in.  The  u<uh1  lorm  of  a  Lithuanian  compound  is  did-bum-is, 
rot'pom'ig,  irukamp-isi  na-baga-s,  without  the  euflix.  is  spoken  of  by  Bopp  aa 
exceptional. 

Thii  18  one  reason  for  suppo^inp;  tluit  tli?  language  to  which  these  words  belong 
was  of  Lithuanian  origin.  The  tiuiBx  in,  \yhich  appears  not  only  in  Uywindinoi,  but 
in  the  proper  naroca  nom.  Kustaspi,  gen.  JJyrakhinatt  may  be  connected  with  the 
Lithuanian  It  and  the  Greek  ^r,  but  i«  abhorrent  to  the  gcniue  of  both  the  Saoakrit 

and  Zend  languages. 

The  difference  between  ftifd  and  fttd  seems  also  to  require  some  observations. 
The  root  is  ftH ;  and  according  to  the  custom  of  the  Indo-European'  languages,  and 
eapecially  of  the  eastern  family,  or  families  of  them,  a  nasul  may  be  introduced 
between  a  short  vowel  and  the  consonant  which  follows  it.  The  Greek  ci  nnd  nf 
Were  in  the  old  Cadmean  alphabet  the  representatives  of  the  long  vowels  i  and  u. 
They  are  equivalent  to  ty  and  «ie, » and  P  being  in  that  alphabet  semivowels  {  and 
these  long  vowels  were  substituted  for  <  and  o  followed  by  a  nasal,  when  that  nasal 
was  omitted.  It  is  worthy  of  notice,  however,  that  in  the  inscription  on  a  broken 
obelisk  in  the  British  Museum,  in  the  first  column,  where  the  king  enumerates  the 
animals  that  he  had  taken  or  killed,  or  rather  designed  to  do  so  (blanks  for  the 
number  belns;  left  before  each  name  of  an  animal,  which  were  never  filled  up),  men- 
tion is  made  in  the  twenty-third  line  of  "  -—' ligwidini "  followed  by  the  plural  sign. 
The  omission  of  the  nasal  in  the  wuid,  as  here  written,  shows  that  it  was  not  essen* 
tial*  'llie  plural  sign  after  ni  is  here  substituted  for  the  Indo-European  termination 
nas.  Possibly  ligu-idinl  i,  itik-nded  for  llie  nomin.itive  singidar  feminine  ;  or  it  msy 
be  the  nominative  ligviili  with  the  Assyrian  tcnuinatiou  of  the  accusative  plural. 

The  word  wida  is  used  in  Okl  Prussian  for  "  likeness sta-wida  and  kO'tcida 
irepresenting  the  Latin  Mi*  and  quaHi,  Tiiis  is  another  indication  of  a  connexion 
between  the  lan^ruaccs  to  wliicli  ihe-c  wnrd>  bet  mc:.  and  the  old  Lithuanian. 

A  third  indication  of  this  is  derived  from  the  name  Idsanan.  As  used  in  the 
Assyrian  inscriptions,  it  denoted  the  Indo-European  tribes  on  the  west  of  Assyria;— 
those  who  catted  themselves  by  this  name.  Exactly  in  the  same  way,  the  Egyptians 
applied  the  name  to  the  Semitic  tribes  in  whose  language  this  word  signified 
•'the  peoples."  Now  this  word  idmnan  was  originally  tu  Uanan;  and  while  its 
Mem  is  the  same  as  that  of  the  name  of  the  Lithuanian  people,  it  has  other  affinities* 
which  are  very  remarkable.  Tlie  Lydians,  Avdoi,  were  evidently  a  branch  of  the 
same  people;  notwithstanding  the  mythic  d'livation  of  their  name  given  by  Hero- 
dotus, but  their  identity  with  the  Lutan  or  Ludan  of  the  Egyptian  inscriptions  is 
equally  certain,  and  still  more  important,  as  it  shows  os  that  for  a  considerable  time 
before  they  pushed  their  conquests  to  the  neighbourhood  of  E;i:ynt  (vi/..  to  Mount 
Lebanon),  they  had  been  warring  against  them  on  their  northern  frontier,  when 
their  empire  extended  to  Mesopotamia. 

The  termination  of  diis  name  requires  some  remarks.  It  may  be  the  Semitic^ 
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ptoral  ending,  wliidi  tiie  Egyptians  borrowed  fkom  tlioM  tribe*  wbich  iBierrvned 
MtwetB  them  and  these  Ludan ;  or  it  mey  be  the  emtsative  plural  of  the  Indo- 
European  name.  It  mny  be  well,  however,  to  compare  it  with  the  termination  of 
ajiother  proper  name,  which  occurs  in  the  Sailier  Papyrus  No.  3,  and  which  appear* 
to  feftr  to  the  very  same  people.  A  name  h  tomA  there,  which  Champollion  read 
Iwan  and  took  for  the  Ionian*.  It  has  einee  been  ascertained  that  the  character 
which  Champollion  read  i  has  for  its  value  art  or  iri.  The  name  therefore  is  /frhran, 
the  Aryans  or  noble  people,  a  title  which  the  Indian  and  Persian  branches  of  this 
people  which  deeeended  from  the  noitii  applied  to  themeelvee^  and  which  (it  woold 
seem)  the  Syrian  branch  of  the  same  people  also  used.  The  an  at  the  end  of  these 
two  names  is  probably  the  same  clement ;  nnd  tlir  frrt  of  its  being  preceded  by  «p, 
when  not  preceded  by  a  consonant,  suggests  u  tiiird  explanation  of  it.  It  may  be  the 
aoAx  wfaioi  appeam  in  H^m  (nom.  rdjd).  fkUfuav,  bOron  (oom.  lelro)  and  ahmam 
(nom,  ahma),  which  suffix  w^as  probably  the  theme  of  the  first  numeral,  denoting  a 
noun  of  unity.  Thus  Ariwoji  would  be  'Apiav,  or  *Ipiw,  from  the  latter  of  which  it 
is  just  possible  that'lfioi'  may  be  derived. 

Whatever  may  be  Uiought  of  thit  last  derivation,  it  seems  clear  that  the  Indo- 
European  glosses,  found  in  the  Assyrian  inscriptions,  are  in  the  language  of  a  people 
which  had  separated,  some  centuries  before  the  date  of  the  earliest  Assyrian  inscrip- 
tion, from  the  Aryans  of  Persia,  and  which  had  probably  accompanied  these  in  their 
migration  from  the  northern  region  which  they  originally  inhabited  t  and  that  while 
a  portion  of  these  western  Ar^'ans  remained  in  Syria  and  the  adjacent  countries,  the 
main  body  of  them  proceeded  westward  through  Asia  Minor  and  across  the  Bospho- 
rua  or  Hellespont,  forming  the  Hellenic  or  Ionic  people  of  the  Greeks ;  which  mingled 
with  the  Pelasgians  (a  more  ancient  Indo-European  race  akin  to  the  Italian  tribes), 
and  by  their  nninn  formed  the  different  dialects  of  Greek  with  which  we  are  acquainted. 
It  u  probable,  but  not  so  certain,  that  the  language  of  the  people  from  whom  all  these 
Aryan  tribes  were  deriTed,  wis  Lithuanian  in  iti  oUeet  tm* 


A  Nno  iVop  of  Me  Interior  of  Me  Northern  Island  of  New  Zealand^  eon- 
tirueled  during  an  Inland  Journey  in  1 859.  By  Professor  F.  voN  Hoca- 
ITSTTBA  (  Fiefifia),  GtologiU  tftkt  AuHrum  Navara  ExpedUkm, 


Oh  ike  Andgui^  qf  the  Buman  Mace,  Bp  Dr.  J.  Hont. 


On  the  Geographical  Dl^frihuHan  and  Trade  in  the  Cinchona, 

By  V.  HURTADO. 

The  different  species  of  the  tree  which  yields  the  bark  known  in  commerce  as 
Peravlan  bark,  and  from  which  the  bulpluUe  of  quinine  is  obtMoed,  grow  on  the 
slopes  of  the  Andes,  at  a  height  which  varies  according  to  the  latitude  and  the  topo- 
graphical situation  of  tiie  mountains  where  this  precio>)>  vfnrctable  production  has 
been  found.  In  New  Grenada  it  grows  on  the  centiai  branch  of  the  Cordillera, 
whieh  extends  from  the  province  of  Paito,  and  separates  the  two  valleys  of  the  Catica 
and  Magdalena,  being  most  abundant  in  the  districts  of  Pitav6  and  Alraagner.  It  is 
also  found  on  the  mountains  above  Finagam^ra,  n<  ar  Bogot^.  The  Pitay6  bark  has 
been  the  richest  in  quinine ;  and  as  in  that  lucaiiiy  the  cuttings  have  been  carried  ou 
to  thu  greatest  extent,  the  artide  is  nearly  exhausted.  The  same  may  be  said  of  the 
Finagamga  variety,  which,  although  not  so  rich  as  the  Pitayo,  is  prized  on  account 
of  its  being  of  easier  labour.  Thr  Almn^iirr  bark,  which  at  first  was  hardly  saleable, 
is  now  used  to  a  great  extent  m  i'hiiauclphia  and  London,  on  account  of  the  scarcity 
of  Ae  two  former  species.  The  best  bark  is  found  on  the  Pitay6  mountain,  at  a 
height  of  from  8000  to  1 1 ,000  feet  above  the  level  of  the  sea.  The  tree  grows  among 
the  numerous  species  of  Alpine  vegetation  whicli  cover  those  mountains  with  thick 
forests,  either  in  clusters  or  scattcicd  about.    For  that  reason  it  in  hize.  Like 

aU  trees  of  a  cold  climate,  it  is  of  slow  growth,  and  requires  a  great  many  years  to 
arrive  at  a  good  height.  Some  of  them  have  been  found  so  large  as  to  yield  forty 
mrobns  of  green  bark,  which,  when  dried  up,  is  reduced  to  about  a  third  of  its 
weight.    Othejit  only  produce  about  ten  arrobas.   As  tliis  tree  is  chiefly  found  iu 
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wild,  cold,  uninhabited  mountains,  constantly  covered  bv  clonds,  there  has  been  no 
system  in  cutting,  nor  any  study  made  to  ascertain  bow  long  a  spot  should  be  left  at 
mt  before  imdertaktog  new  cuttings.   It  is  knowii  that  the  roots  produce  a  great 

many  shoots  after  a  tree  is  cut  down,  and  that  these  require  about  fifty  years  to  be- 
come of  a  mnldlmgr  si^e.  Young  trees  are  also  found  growinrr  frDm  seeds.  The 
nature  of  the  soil  seems  to  determine  the  qualities  of  the  aikaiie^  coutained  in  the 
bark,  quinine  being  most  abnndiaDt  in  ntay6»  and  cinchonine  in  Almaguer.  Bvt 
rocky  mountains  and  rarincs  are  the  spots  where  nature  has  placed  thi?  vnrctrihla 
species.  The  author  is  not  aware  that  any  bark  trees  have  been  found  on  the  western 
Cordillera,  which  separates  the  valley  of  Cauca  from  the  Pacitic  coast,  which  ridge 
never  attains  the  elevation  of  perpetual  snow  in  those  latitudes.  It  only  remains  to 
state,  that  rhi^  prxo  of  good  sound  Pitayo  bark,  which  had  gone  down  in  London  to 
la.  8d.  per  pound,  is  now  as  higli  as  2«.  C)d.,  and  some  very  inferior  lots  have  been 
sold  at  3«.  The  Almaguer  sort,  which  was  entirely  neglected  two  years  ago,  is  now 
acce|ite(l  by  manufacturers  at  from  U.  to  Is.  4d,  per  pound.  No  mention  is  made 
iif  the  Bolivian  ba  rk ,  the  most  esteemed  in  commerce^  as  the  author  is  not  personally 
acquainted  with  that  trade, 

On  Alphaheiti  and  wndaUy  ikt  JBnglish ;  and  an  a  New  MnAofl  of  Mark* 
iny  the  Sound  of  EngHA  Worthy  wUkmd  ehan^e  tf  Or^hogirapk^,  ByUnt 
Kev*  Professor  Jarbbtt,  MJi* 


On  tlie  Origin  of  the  ArtSt  and  (he  Influence  of  Race  in  iJtair  JJevelopmenit 


A  hri^  Aiteamt  of  the  Progress  ofthe  WarhB  if  ^  Itlknmnf  Suez  Canat, 

By  D.  A.  Langb. 

Ou  the  Jaczwwgs,  a  Population  of  the  Thirteenth  Century^  on  the  FronHert 

of  Prussia  and  Lithitauia.    Bif  11.  (i.  Latham,  M.D.,  PJ^.S. 

In  the  middle  of  the  thirteenth  century,  the  Jaczwings  were  a  powerful  nation, 
between  the  Vistula,  the  Niemen,  aod  the  Upper  Dnieper.  At  the  present  moment, 
a  small  population,  called  by  the  neighbouring  Lithuanians  Jodwethai,  and  distin- 
guished by  a  dark  coniplexinn  and  certain  pecuiiarities  of  dress  and  manners,  is  the 
chief  representative  of  the  name.  A  few  localities — (1)  Jatm*  Pol—Jaczving  Land, 
{2)  Jaivis  Stara=Old  Jatvis,  (3)  Jatvit  Nota-=^New  Jatvis,  (4)  Mogilki-Jadzhvin* 
gmukksiJacimnff  Ormes,  and  (5,  6,  7)  tbree  villages  named  Jatrfink,  complete  tht 
fragments.  The  name,  having  come  to  us  through  Latin,  Polish,  German,  Bohemian, 
and  Russian  mediums,  is  hardly  twice  spelt  alike,  e.  g.  we  have  Jazuingi,  Jasuii^i, 
Jaewngiy  Jacmnyi^  Jaezwhffi,  Jaimtigi  in  the  German  and  Polish }  Jatvyagi,  JaimtaUd, 
JnMaeie,  &c.,  in  the  Russian.  To  these  add  Getteezeu,  GvttiinMttm,  and  even  (7«te* 
In  speculating  upon  the  ethnological  affinities  and  the  former  extension  of  these 
tribes,  in  the  direction  of  both  tlie  Gothini  and  the  O'othones  of  the  classical  writers. 
Ibis  multiplicity  of  variations  must  be  borne  in  mind.  In  respect  to  tiie  immediate 
affiriiti  s  of  the  nation  at  the  particular  time  under  notice,  the  evidence  Is  very  decided 
to  their  being  members  of  the  same  family,  and  to  their  speaking  the  samp  hntriiage 
with  the  Prussians  {i.  e.  the  occupants  of  East  Prussia  before  the  German  Conquest), 
the  Litbuanians,  the  Samogttians,  and  tiie  Letts.  Their  locality  supports  these 
statements,  as  do  the  few  words  which  have  come  to  us  from  their  language.  Whe* 
thcr  they  were  equally  Lithuanic  in  blood,  is  another  question.  The  few,  but  im- 
portant details  of  their  history  derive  their  interest  (as  do  those  of  the  Lithuaoic 
family  altogetber)  firom  the  peculiar  ebaraeter  of  the  great  religious  contest  whidi 
they  represent.  With  the  Greek  Christianity  of  Russia  on  the  east,  and  the  Papal 
inlluences  on  the  west,  Lithuania  and  Finland  were  not  only  the  last  strongholds  of 
Paganism,  hut  were  acted  upon  as  such  in  two  directions.  The  resistance,  however^ 
of  tbe  Udmaaiaos  was  most  obstinate  ;  and  tlw  most  obstinate  of  the  Lithuanians 
ivere  the  Jaczwings.  Hieir  annihilation,  too,  was  most  complete.  In  1264,  a 
creat  battle  broke  their  power*  In  tbe  fifteenth  century  not  even  the  name  of  ike 
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/ocfim^t  remained,  A  more  raoden^  notice  simply  says  llal  1k»  mamt  qf  the  /aa- 
mmgi  tra«  vfiry  rare  and  kaoton  to  fevf.    Conjointly  with  the  special  deteitt  of  the 

Jaczwings  flu'inscIvoA,  tlio-e  of  tlie  populations  with  which  they  came  in  contact 
should  be  -tudicd—thuse  of  Russia  and  PoUndt  cut  up  into  duchies;  of  Gallicia,a 
powerAil  principality ;  of  LithiMoia*  a  kingtlom  under  Mindov,  yacUlating  both  ia 
creed  ttod  politics;  of  North-Easteni  Ger.nany  under  the  Knights  of  the  Teutonic 
order;  and,  fitinllv,  <*f  Voihynia  occupied  hy  Camanian  Turk^^,  and  partly  ovprrun  by 
Mongols.  Details^  however,  of  this  kind  are  beyond  the  pale  of  the  present  notice, 
wbicn  is  chiefly  niiide  for  the  sake  of  drawing  atteotioD  to  the  history  of  a  natioo— 
the  pre-eminently  Pagan  nation  of  Enrope— once  powerful,  but  now  fragnoeataiy* 
the  blood  of  which  roust  still  he  found  in  more  tbanone  district  where  the  langnage 
ja  German,  Lithuanic,  Polish,  or  Russian. 


On  the  lait&t  Discoveries  in  South-Central  Africa. 
By  Dr.  D.  Livinostokk. 

The  following  letter  from  Dr.  Livingstone  was  read  to  the  Section  : — 

River  Shii^  Hot.  4,  Ittl 

The  River  Shir^  has  its  source  in  the  green  waters  of  the  great  Lake  Nyassa  (lat. 
14**  23'  S.,  long.  35"  30'  E.).    It  H  nvs  serenely  on  in  a  southerly  direction,  a  fine 
navigable  stream,  from  80  to  120  yards  in  breadth,  expanding  some  12  or  15  railM 
from  Nyassa  Into  n  beaotifol  lakelet,  with  a  well-defined  water  horveon,  and  perhaps 
5  or  G  miles  wide;  then  narrowin;;  a^jain,  it  rnove^  quietly  on  about  40  miles,  till  it 
fcacliea  Murchisfm's  Cataracts.    Atu  r  a  tutljulrnt  course  of  30  niilcs,  it  emerges 
from  the  cataraclH  a  peaceful  river  capable  of  carrying  a  large  steamer  through  the 
lematning  112  miles  of  its  deep  channel,  and  joins  Uie  Zarahesi  in  lat.  17^  47'  S.. 
loo  miles  from  the  confluence  of  that  river  with  the  sea.    The  valley  through  which 
the  Shire  flows  is  from  10  to  12  miles  broad  at  the  southern  extremity  of  Lake 
Nyassa,  but  soon  stretches  out  to  20  or  30  uiiles,  and  is  bounded  all  the  way  on 
both  sides  by  ranges  of  hills,  the  eastern  range  being  remarkably  lofty.    At  Cbihtsas 
(lat.  16*2'  3''S.,  35**  l'E.\  a  few  miU  s  below  the  cataracts,  the  range  of  hills  on  the 
left  bank  of  the  Shir^  is  not  above  3  miles  from  the  river,  while  the  other  range  bai 
receded  out  of  sight.    If  from  Chihisas  we  proceed  in  a  north-easterly  path,  a  three 
hours'  march  places  us  on  an  elevation  of  upwards  of  1000  feet.    This  is  not  At 
from  the  level  of  the  Upper  Shir^  valley  (1200  feet),  and  appears  to  be  its  prolonga- 
tion.   Four  hours'  additional  travel,  and  we  reach  another  plateau,  1000  feet  hightf* 
and  in  a  few  hours  more  the  highest  plateao,  .^000  feet  above  the  level  of  the  seiu  j* 
Attained,  and  we  are  on  an  extensive  table-land,  which,  in  these  three  distinct  difi- 
sions,  extends  to  Zoni^n  'lat.  of  southern  end       21'  S.).    It  is  then  broken;  and 
oaatives  report  that,  nui  Ih  uf  2k)mbai  which  id  20  miles  in  length  from  north  to  soalb, 
there  ia  but  a  narrow  partition  between  Lakes  Nyassa  and  Tamandua  (Shirws)< 
Three  islands  were  visible  on  the  west  side  of  what  w^e  could  see  of  Nyassa  from  its 
southern  end.    The  two  ranges  of  hills  ntretch  niont,'  its  shores,  and  we  could  see 
looming  through  the  haze  caused  by  burning  grass  all  over  the  country  the  dim  out- 
Jinea  of  some  lofty  mountains  behind  the  eastern  hills.    On  the  table-land  are 
numerous  hills  and  some  mountains,  as  Chlcadirnra,  perhaps  5000  feet  high,  and 
Z'lmlia  (which  was  ascended),  from  7^100  to  8000  feet  in  altitude.    From  tliis  table- 
land we  can  see,  on  the  east  of  Lalic  i'amandua,  the  Mdanje  Mountains,  apparently 
higher  than  Zomba  and  Mount  Clarendon,  not  unworthy  of  the  noble  name  it  bears. 
All  this  region  is  remarkably  welUwat»iied;  wonderfully  numerous  are  the  streams 
and  mountain  rilU  of  cli  ar,  coni,  E^M*hin«^  water.    Once  we  passed  eight  of  them 
and  a  strong  spring  in  a  single  hour,  and  we  were  then  at  the  end  of  the  dry  season. 
Even  Zomba  has  a  river  abvut  20  yards  wide,  flowing  through  a  rich  valley  near  its 
summit.    The  hit!  is  well  wooded  also;  Irccs,  admiia'de  fur  their  height  and  the 
amount  of  timber  in  them,  abound  along  the  bankr?  of  the  streams.  "  Is  this  country 
good  for  cattle  r"  the  head  man  uf  the  Ivlakulolo.  whose  business  had  been  the 
charge  of  cattle,  was  asked.   *'  Truly,"  replied  he ;  "  don't  von  see  the  abuodance  of 
such  and  such  grasses,  which  cattle  love,  and  on  wliich  they  i^row  fat>'*    And  yet 
the  pe  ople  have  onlv  a  few  uoats,  and  s^ill  I'ewer  sheep.    There  are  no  wild  animals 
la  ihe  highlands,  aud  but  few  bird^;  and  with  the  exceptiou  of  one  place,  where  wt 
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MW  some  t-Ipphants.  buffaloes,  &c.,  tlicre  arc  none  on  the  plains  of  the  Upper  Shin^, 
tnit  the  biriis,  new  and  strange,  are  preity  ounicrous.  in  the  upper  part  of  the 
Lower  Shir^  in  the  btgfalabds,  and  in  the  vdley  of  the  Upper  Sbir^>  there  is  a 
Bomewbat  numerous  population.  The  people  generally  live  in  villages  and  in  hainlelt 
near  them.  Each  vllltige  bos  its  own  chief,  ami  the  chiefs  in  a  given  territory  have 
a  head  chief,  to  whom  ihey  owe  some  sort  of  alle|$iauce.  The  paraniouul  chief  of 
one  portion  of  the  Upper  Shir^  is  a  woniao»  who  lives  two  days'  journey  from  tht 
weat  side  of  the  river,  and  possesses  cattle.  The  chief  has  a  good  deal  of  aalhorityt 
he  can  stop  trade  tilt  he  has  sold  his  own  things.  One  or  two  insisted  on  seeing 
what  their  people  got  for  the  provisions  sold  to  us.  The  women  drop  on  their  knees 
when  he  pHses  them.  Mongazt's  wife  went  down  on  her  knees,  when  he  handed 
her  our  present  to  carry  into  the  hut.  One  evening  a  Makololo  fired  his  mu^I  i.t 
without  leave,  received  a  scolding,  and  had  his  powder  taken  from  him.  "  If  he 
were  my  man,"  said  the  chief,  "I  would  tine  hiiii  a  fowl  also."  The  aites  of  their 
villages  are  selected,  for  the  most  part,  with  judgment  and  good  taste.  A  stream  or 
spring  is  near,  and  pleasant  shade-trees  grow  in  and  around  the  place.  Nearly 
every  villn?ro  is  surrounded  by  a  thick  biL'h  lietlce  of  thp  poisonous  tuphorbia. 
During  the  greater  part  of  the  year  tiio  mhabiuiut;a  cuuid  sec  un  enemy  through  the 
hedge*  while  he  would  find  it  a  difficult  matter  to  see  them.  By  shooting  their 
already  poisoned  arrows  through  the  lender  branches,  they  get  smeared  with  the 
poisonous  milky  juice,  and  inflict  nio^t  painful  if  not  fatal  wounds.  The  constant 
dripping  of  the  juice  from  the  Iji  uiscd  branches  prevents  the  enemy  from  alteuipUng 
to  force  his  way  through  the  hedge,  as  it  deetroys  the  evesight.  The  huts  are  larger, 
stronger  built,  with  higher  and  more  graceful  roufa  than  any  we  have  seen  on  the 
Zambesi,  'i'he  Boabab  (tipreading  place)  is  at  one  side  of  the  \illage;  the  ground  is 
made  smooth  and  level,  and  the  banians,  the  favuuiite  trees,  throw  a  grateful  bhade 
over  it.  Here  the  people  meet  to  smoke  tobacco  and  bang ;  to  sing,  dance,  beat 
drums,  and  drink  beer.  [In  the  Boabab  of  one  small  village  we  counted  fourteen 
drums  of  various  sizes,  ail  carefully  arranged  on  dry  gross.  J  Some  useful  work,  too, 
is  performed  in  this  place,  as  spinning,  weaving,  making  baskets  and  fish-nets.  On 
entering  a  village,  we  proceeded  at  once  to  the  lioabab,  on  which  the  Strai^ra'hut 
is  budt,  and  sat  down.  Large  mats  of  split  bamboo  are  politely  brought  to  us  to 
recUne  on.  .Our  guides  tell  some  of  tlie  people  who  we  are,  how  we  have  behaved 
onraelves  since  they  knew  us,  where  we  are  going,  and  what  our  object  is.  This 
word  is  carried  to  the  chief.  If  a  sensible  man,  he  comes  as  soon  as  he  hears  of 
our  arrival  ;  if  timid  or  suspicious,  he  waits  till  he  has  thrown  his  dice,  and  given 
his  waiTtors,  for  whom  he  has  sent  in  hut  haste,  time  to  assemble.  When  the  chief 
makes  his  appearance*  his  people  begin  to  clap  their  hands,  and  continue  dapping 
until  he  sits  down ;  then  his  councillors  take  their  places  beside  him,  with  whom  he 
converses  for  a  ivifiutc  or  so.  Our  fruides  sit  down  opposite  tlicnr.  A  most  novel 
scene  now  transjiues  ;  both  parties,  loukmg  earnestly  at  each  other,  pronounce  a  word, 
as  Amhinattt"  (our  chief  or  father),  then  a  clap  of  the  hands  from  eadi  one— 
another  w<Nrd,  two  claps— a  third  word,  three  claps — and  this  time  all  touch  the 
ground  with  their  closed  hands.  Next,  nil  rif-e  clapping — ?it  down  again,  and — clap, 
clap,  clap— allowing  the  sound  gradually  to  die  away.  They  keep  time  iu  this  most 
peneclly,  the  chief  taking  the  lead.  The  guides  now  tell  the  chief  all  they  pleose, 
and  retire,  clapping  the  hands  gently,  or  with  one  hand  on  the  breast ;  and  his  own 
people  do  the  same,  when  they  pa^s  the  chief,  in  retirmg.  The  customary  jiresents 
are  eichanged,  after  a  little  conversation  with  the  chief,  and  in  a  short  time  bis 
people  bring  provisions  for  sale.  In  some  villages  the  people  clapped  with  all  their 
niight  when  they  approved  what  the  chief  was  saying  to  us.  In  others,  the  clapping 
seems  omitted  in  our  case,  though  we  could  see  it  was  kejit  with  black  strangers  who 
came  into  the  village.  I'he  chief  at  the  Lake,  an  old  man,  came  to  see  us  of  Im  own 
acGord,->said  he  had  beard  that  we  had  come,  and  sat  down  under  a  tree,^and  he 
came  to  invite  us  to  take  up  our  qnar'.ers  with  him.  Many  of  the  men  arc  very 
inteliigeot- looking,  with  high  foreheads  and  well-hhtiped  heads.  They  show  singular 
taste  in  the  astonishingly  varied  styles  in  which  their  hair  is  arranged,  'ihelr 
bead  necklaces  are  really  pretty  specimens  of  work.  Many  have  the  upper  and 
middle  as  well  as  r  Imvrr  part  of  the  tai  bored,  and  l  ave  from  three  to  five  rings 
in  each  ear.   The  hole  in  the  lobe  of  the  ear  is  large  enough  to  admit  one's  hoger« 
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and  some  wear  a  piece  of  bamboo  about  an  inch  long  in  it.  Brass  and  iron  bracelets, 
•Itborately  figured,  are  seen  i  and  tome  of  the  men  tport  from  two  to  dght  braes 
lings  on  each  finger,  and  even  the  thnmbe  are  not  aparrd.  They  wear  copper,  brass. 

and  iron  rings  on  their  legs  and  arms ;  many  have  their  front  teeth  notched,  and 
some  lilc  them  till  they  resemble  the  teeth  of  a  saw.   The  upper  lip  rtog  of  the 
women  givei  them  a  revolting  appearance;  it  is  universally  worn  in  the  highlands* 
A  puncture  is  made  high  up  in  the  lip,  and  it  is  gradually  enlarged  until  the  peleU 
can  be  inserted.    Some  are  %'ory  large.    One  we  measured  caused  the  lip  to  project 
two  inches  beyond  the  tip  of  the  nose ;  when  the  lady  smiled  the  contraction  of  the 
nueclee  elevated  it  over  the  eyes.  "  Wh^  do  the  women  wear  theee  things ) "  the 
Venerable  chief,  Chinsurdi,  was  asked.    Lvidently  surprised  at  such  a  stupid  ques* 
tion,  he  replied,  "  For  beauty  I    They  nie  the  only  beaulitul  things  women  have; 
men  have  beards,  women  have  none.    What  kma  of  a  person  wuuld  tihe  be  without 
the  pelel^?  She  would  not  Ite  a  woman  at  ail  with  a  mouth  lilw  a  man,  hot  no 
beard."    One  woman  having  a  large  tin  pelclc  with  a  bottom  like  a  dish,  refused  to 
sell  it,  because,  she  ?aid,  her  husband  would  beat  her  ?f  ^*hc  went  home  withoat  it. 
iiiese  rings  are  mudc  of  bamboo,  oi  iron,  or  uf  tin.    ihcir  scanty  cluthiog — the 
prepared  baric  of  trees,  the  slcins  of  animab  (chiefly  goals)*  and  a  thick  strong  cotton 
cloth — are  aH  of  native  manufacture.    They  seem  to  be  an  industrious  rncc.  Iron 
is  dug  out  of  the  hills,  and  every  village  has  one  or  two  smelting  houses ;  and  Irom 
their  own  native  iron  they  make  uxcclk-ut  hoes,  axes,  spears«  knives,  urrow-headsi  &c. 
They  make,  also,  round  baskets  of  various  sizes,  and  earlbsn  pots,  which  they  oran- 
mcnt  with  plumbago,  said  to  be  found  in  the  Hill  Country,  though  we  could  not 
learn  exactly  where,  nor  in  what  quantities :  the  only  spvQimcn  we  obtained  was  not 
pure.   At  every  fishing  village  on  the  l^nks  of  the  river  Shir(5  men  were  busy  spin* 
ning  boiie  and  making  large  fishing«nets  from  it ;  and  from  Chihisas  to  the  Lun* 
in  cypry  village  almost,  we  saw  men  cleaning  and  spinning  cotton,  while  others  wpte 
weaving  it  into  strong  cloth  in  looms  of  the  simplest  construction,  all  the  processes 
being  excessively  stow.  This  b  a  great  cotton-growing  country.  Tlie  cotton  la  of 
two  kinds«  "  Tonji  manga/'  or  foreign  cotton  ;  and  **  Tooji  cadji,"  or  native  cotton. 
The  former  is  of  good  quality,  with  a  staple  from  three-quarters  to  an  inch  in  length. 
It  is  perennial,  requiring  to  be  re-planted  uuly  once  m  three  years.   The  native 
cotton  is  planted  every  year  in  the  higbUnds,  is  of  sliort  staple,  and  feeb  more  lilui 
wool  than  cotton.   Every  family  appears  to  own  a  cotton  patch,  which  is  kept  dear 
of  weeds  and  grass.    We  saw  the  foreign  growing  at  the  Lake  and  in  various  places 
for  30  miles  south  of  it,  and  about  an  equal  number  of  miles  below  the  cataracts  on 
tiie  Lower  Shb^.  Altlroagh  the  native  cotton  requites  to  be  planted  annnaliy  in  th< 
highlands,  the  people  prefer  it,  because,  they  say,  "it  makes  the  stronger  cloth." 
It  wn<«  remarked  to  a  number  of  intelligent  nuttves  near  the  Sbird  lakelet,  "  You 
should  plant  plenty  of  cotton,  and  perhaps  the  English  will  come  soon  and  buy  it," 
"  Sorely  the  country  is  full  ot  cotton,'*  said  an  elderly  man,  who  vras  a  trader  and 
travelled  much.    Our  own  observations  convinced  us  of  the  truth  of  this  statement. 
Everywhere  wv         it.    Cotton  patches  of  from  2  to  3  acres  were  seen  abreast  of 
tlie  cataracts  durmg  the  tiist  trip,  when  Lake  Tamaudua  was  discovered,  though  in 
this  journey,  on  a  diifereBt  ronte,  none  were  obsnrved  of  more  than  half  an  aa«. 
They  usually  contained  about  a  quarter  uf  an  acre  each.    There  are  extensive  tracts 
on  the  level  plains  of  both  the  Lower  and  Upper  Shire,  where  salt  exudes  from  the 
soil.    Sea  island  cotton  might  grow  well  there,  as  on  these  the  loreigu  cotton  be* 
comte  longer  in  the  staple.    1  he  cotton -growers  lure  never  have  their  crops  cut  oflF 
by  frosts.    There  arc  none.    Both  kirjd^  of  cotton  require  but  li't'r  1  ifiour,  none  of 
that  severe  and  killing  toil  requisite  iu  the  United  States.    The  pcoplu  are  great 
eultivstors  of  the  soil,  and  it  repays  them  well.    All  the  inhabitants  of  a  village, 
men,  women,  and  children,  and  dogs,  turn  out  at  times  to  Isbour  in  the  fields.  The 
chief  told  us  all  his  peuple  were  out  hocin::,  and  wo  saw  in  other  parts  many  busy 
at  work.    If  a  new  piece  of  ground  is  to  be  cultivated,  the  labourer  grasps  as  much 
of  the  tall  dry  grass  as  he  conveniently  can,  ties  it  into  a  knot  at  the  top,  strikes  his 
hoe  through  the  roots,  detaching  them  from  the  ground  with  some  earth  still  adhering, 
which,  with  the  knot,  keeps  tlic  gras«i  in  n  standing  positioru    Hp  procceda  in  this 
way  over  the  held.    When  this  work  is  tinisbed,  the  ticld  exhibits  a  harvcst«like 
appearance,  being  thickly  dotted  all  over  with  these  shocks,  which  are  3  (set  hi(^ 
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A  <iUort  time  before  the  rains  several  of  these  shoclcs  are  thrown  together,  the  earth 
scraped  over  Uiem«  and  thea  Ihe  grass  underneath  is  set  on  fire.  The  soil  is  thus 
treated  in  a  manner  aimilar  to  tliat  practised  in  modem  timet  among  oonelves  on 
some  lande.  When  they  vrieli  to  clear  a  piece  of  woodlandf  tiliey  proceed  ia  precisely 

the  same  way  as  the  farmers  in  Canada  and  the  Western  States  do, — cut  the  trees 
down  with  their  axes,  and,  leaving  the  stumps  about  3  feet  high  standing,  pUe  up  the 
lege  and  branches  for  boraing.  They  grow  laaaaTer  in  Uu-ge  quaotitieB»  preparing 
ridges  for  it  from  3  to  4  feet  wide,  and  about  a  foot  high.   They  also  imiie  maize* 
rice»  two  kinds  of  milh-f,  bpans,  sugar-cane,  sweet  potatoes,  yams,  ground-nuta, 
pampkin,  tobacco,  and  iudiaa  iiemp.    Near  Lake  Nyassa  we  saw  mUigo  7  feet  high* 
Large  quantities  of  beer  are  made,  and  they  like  it  well.  We  foand  whole  irillagi* 
on  the  spree,  and  saw  the  stupid  type  of  drunkenness,  the  silly  sort,  the  boisterous 
talkative  sort,  and  on  cne  occasion  the  almost  up  to-the-fighting-point  variety,  when 
a  petty  chict,  witii  some  of  the  pcopiu  near,  placed  himself  in  fronts  exclaiming^ 
"  I  stop  tibk  path  I  yon  most  go  back."  Had  Iw  not  got  out  of  the  way  with  grsatst 
speed  than  dignity,  an  incensed  Makololo  would  have  cured  him  of  all  desire  to  try 
a  similar  exploit  in  future.    It  was  remarked  by  the  oldest  traveller  in  the  party 
that  he  had  not  seen  so  much  drunkenness  during  all  the  years  he  had  spent  in 
Africa.  The  people,  notwithstanding,  attain  to  a  great  age.  One  is  strack  witti  the 
large  number  of  old  grey-headed  persons  in  the  highlands.    Tliis  prrms  to  indicate 
a  hcaltliy  climate;  for  their  long  lives  they  are  not  in  the  least  indebted  to  frequent 
ablutions.    "Why  do  you  wash  yourselves?  our  men  never  do,''  said  some  women 
at  Chinsurdi  to  the  Makololo.   An  old  man  told  us  he  remembered  baviag  washed 
himself  once  when  a  boy,  but  never  repeated  it ;  and  from  his  appearance  one  could 
hardly  call  the  truth  of  his  statement  in  question.    A  fellow  who  volunteered  same 
wild  geographical  information  followed  as  about  a  dozen  miles,  and  introduced  us  to 
the  chief  Moena  Moezi  by  saying,  "They  have  wandered ;  they  don't  know  where 
they  are  going."    "  Scold  that  man,"  said  a  Makololo  head  to  his  factotum,  who 
immediately  commenced  au  extetupurarv  scolding  i  yet  the  singular  geographer  would 
follow  OS,  and  we  coald  not  get  quit  of  him  till  the  Makololo  threatened  to  take  him 
to  the  river  and  wash  him.   The  castor*oil  with  which  they  lubricate  themselves 
and  the  dirt  serve  as  additional  clothing,  and  to  wash  themselves  is  like  throwing, 
away  the  only  upper  garment  they  possess.   They  feel  cold  and  uncomfortable  after 
a  warii.  We  obserrra  several  persons  marked  by  the  small- pox.   On  esking  tho 
ehief  Mongszi — who  was  a  little  tipsy,  and  disposed  to  be  very  gracious, — if  he  knew 
its  origin,  whether  it  had  come  to  them  from  the  sea,  "  He  did  not  know,"  he  said, 
"  but  supposed  it  must  have  come  to  them  from  the  English."  Like  other  Africans^, 
they  are  somewhat  superstitions.  A  person  accused  of  bewitching  ano^er  and 
causing  bis  death,  citlier  volunteers  or  is  compelled  to  drink  the  Maiori,  or  ordeal. 
On  our  way  to  the  lake  a  cliief  kindly  led  us  past  the  next  two  villages,  whose  chiefs 
huii  jubt  been  killed  by  drinking  the  Maiori.    When  a  chief  dies  his  people  imagine 
that  they  may  plunder  any  stranger  coming  into  tiieir  village.   A  chief,  near  ZombB» 
at  wh(ise  village  we  took  breakfast  on  our  way  up,  drank  the  Maiori  before  our 
return,  and  vomiting,  was  therefore  innocent.    His  people  we  found  manifesting  their 
juy  by  singing,  dancing,  and  beating  drums.    Even  Chibisa,  an  intelligcnl  and  power- 
ful chief,  drank  it  once,  and  when  insisting  that  all  his  numerous  wars  were  Jas^ 
and  that  his  enemies  wore  always  in  the  wronfr,  satrl  tn  us,  "  If  you  doubt  my  word, 
I  am  ready  to  drink  the  Maiori."    On  the  evening  of  the  day  we  reached  Moena 
Moezi,  an  alligator  carried  off  his  principal  wife  from  the  very  spot  where  some  of 
ns  had  washed  bnt  a  few  hours  before.   We  learned  on  onr  return  that  he  had  seal 
messengers  to  scvtiul  villages,  saying,  *'  He  did  nnt  know  whether  we  had  put 
medicme  on  the  spot,  but  after  we  had  been  there  bis  wife  was  carried  off  by  an 
alligator."  The  nrst  village  refused  to  sell  us  Ibod,  would  have  nothing  whatever 
to  do  with  us,  and  the  chief  of  the  next  village,  who  happened  to  be  rccliniog  in  the 
lioabab,  ran  off,  leaving  his  wooden  pillow  and  mat  behind.    The  women  seldom 
run  away— having  more  pluck  perhaps  than  the  men.   When  a  person  dies,  the 
women  commence  the  death-watl,  and  keep  it  up  for  two  days.  A  fow  words  an 
chanted  in  a  plaintive  voice,  ending  by  a  prolonged  note:  a— a,  or  o — o,  or  ea,  so* 
e — a.    The  cnrp-ic  is  buried  in  the  same  hut  in  which  he  dies.    It  is  then  closed  op 
and  allowed  to  lail  into  decay.    We  found  one  village  to  mourning,  on  the  baoks  of 
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the  Upper  Shir^.  The  cbief's  father  had  died  soroe  lime  previous.  They  had  not 
washed  themselves  since,  though  washing  is  practiced  more  or  less  on  these  plains ; 
•nd  thf  y  would  not  wash  uotil  Bomc  friends  at  a  diatance,  who  poasesacd  moslrata* 
had  come  and  fired  over  the  grave.  The  badge  of  mourning  consir^ts  of  narrow 
strips  of  Palmyra  leaf,  tied  round  the  hend  ami  arm?,  snmetimes  round  head,  neck, 
breast,  knees,  ankles,  arms,  und  wri»ts.  They  have  the  idea  of  a  Supreme  Bein^, 
whom  they  name  Famb^,  and  also  of  a  future  stale.  Ilie  chief  Chiiuiordi  said  they 
all  knew  that  tliey  lived  again  after  death.  "  Sometimes  the  dead  carue  back  again, 
—they  appeared  to  them  in  dreams,  but  they  never  told  them  where  they  had  gone 
to."  This  is  an  inviting  field  fur  benevolent  enlerpt  isc.  Tlicre  arc  thuu»ands  needing 
Christian  instruclioo,  and  here  are  materials  for  lawful  commerce,  and  a  fine  healthjr 
coiintrv,  with  none  of  the  rioxioiis  insects  with  which  Captains  Burton  and  Speke 
were  tormented,  and,  with  the  single  exception  of  30  miles,  water  communication 
all  the  way  to  England.  Let  but  a  market  be  opened  for  the  purchase  of  their 
cotton,  and  th^  can  niM  almost  any  amount  of  it,  and  the  slave  trade  will  speedily 
henbotished* 


On  the  Jilomitain  DiaUicls  of  Ch>»f'.  and  (heir  Aboriginal  JnhaUtatUa* 

"By  W.  Luc  KIIAKT. 

Much  of  the  empire  oi  China  with  which  wc  arc  best  acquainted,  consists  ul  the 
plains  that  He  near  the  mouths  of  the  rivers,  as  they  find  their  way  to  the  sea-boanl. 

and  it  is  here  that  the  important  ports  for  our  trade  are  situated.  The  interior  o# 
the  country  riclily  diver; ific<l ;  the  land  rises  considerably  towards  the  hilly  districts, 
that  slope  from  the  cliains  of  mountains  that  traverse  all  the  western  provinces  and 
spread  Uiamselves  out  through  the  central  part  of  the  country,  Iwiog  In  fact  die  east* 
ern  spurs  of  the  Kwan-Iun  and  Ilin)alaya  ianf:(s,  that  ri><c  in  Northern  India  to  a 
vast  height,  and  gradually  pass  down  througli  the  nin  th  and  j<outh  of  Tibet  toward* 
China.  The  Kwan^iun  range  passes  uxu  the  nurtlurn  and  ceutrui  ptuvidccs  uf 
China,  and  the  Himalaya  into  the  southern  and  south-western  provinces,  while 
the '(^rn--han  or  Celestial  Mountains  and  the  Altai  chain  pass  into  Mongolia  and 
Alautchuuria,  commonly  called  Chinese  Tartary. 

In  the  mountainous  regions  of  China  the  country  is  very  beautiful,  and  combines 
the  varieties  of  seeneiy  found  in  other  sim'lar  districts;  many  of  these  portions  of  the 
empire  are  bro'.;.dit  into  communication  with  the  sea  coast,  by  means  of  the  large 
rivers  that  flow  through  alt  the  rich  and  fertile  central  provinces,  offi-ring  great 
facility  for  the  interchange  of  the  various  commodilies  of  different  parts  of  the  em- 
ptte.   These  rivers  form  In  fact  tlic  high  roads  of  the  country. 

For  purposes  of  cnnnnunicati?<n  in  the  mnvn'nifi  dl^fricls,  and  to  facilitate  the 
transit  of  goods,  many  roads  ijav«  bi  en  cut  at  great  expense  and  with  muih  labour 
over  the  passes  between  the  high  liilges.  The  great  road  from  Pckin  to  the  south- 
west through  Shen-si  to  Sze-chuen,  is  by  amountain  route,  whichrequircd  great  ability 
and  skill  to  make  passable;  loiiny  year'^  \\cre  }.pciit  in  this  \v(>rk.  and  it  i<s  a  monu- 
ment of  the  patience  and  pcrjjtverance  l)y  w  hich  it  was  aeconiplibhed ;  by  this  road 
merchants  and  officers  constantly  travel  bflwccii  the  capital  and  the  weslem  frontier. 
The  road  from  Shan-si  to  Kau-Mdt  is  one  of  the  niobt  exten^i^ive  worksof  the  kind  in 
China.  Besides  these  great  trunk  ronds  ilirre  arc  several  other  mountain  routes,  bv 
which  goods  are  carried  from  province  to  province  aciu&s  the  mountains,  one  of 
which  may  be  mentioned,  as  the  well-known  Mei^Iing  pass  between  Kwang-lun^ 
and  Kiang-si;  it  U  2  4  miles  l.jng,  and  over  i'  all  the  tea  and  silk  that  go  to  Canton 
are  carried  on  uiert's  ^houider:^.  Much  nii^lit  he  !^ai(]  regarding  these  moontain 
road»  of  China,  but  it  is  impobsible  to  enter  on  the  !:ubject  here. 

It  is  among  these  mountains  and  in  the  valleys  they  enclose,  that  many  tribes  of 
people  dwell  wlio  aic  piobubly  the  al)urigit;ei  or  natius  of  the  land.  'The  great 
mass  of  the  people  who  mhaljit  China  are  those  who  dwell  lu  liie  cities  and  villages, 
cultivating  the  land,  following  the  pursuits  of  commerce,  ami  acknowledging  the 
authority  of  one  emperor ;  these  may  be  considered  to  be  the  Cliinese  of  the  present 
day;  but  in  the  island;*  of  Formosa  and  Hainan,  as  welt  as  in  the  we>tert)  frontier, 
dwell  those  native  savage  tribes,  who  acknowledge  no  submission  to  the  Lmperor  of 
China,  dwell  among  their  own  hill9#  nnd  have  ever  maintained  their  indepeudence. 
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The  island  of  Formosa  is  divitJcd  from  north  to  south  by  a  chain  of  mouotains 
that  cuts  the  island  in  two.  On  the  western  side  live  the  Chinese,  who  passing 
from  the  opposite  coast  of  Foh-kien,  have  grtdoalJy  driveo  away  the  aborigines  to  the 
Oiatern  side ;  some  barter  is  kept  up  between  these  two  parties,  bat  they  are  gcnendljr 
in  a  state  of  hostility,  ;ind  constant  vigilance  is  required  on  the  part  of  the  Chinese 
to  guard  against  the  attacks  of  the  natives,  and  this  intei  teres  xery  much  with  their 
iDtereonne.  The  nativea  are  governed  hf  their  own  chiefs,  who  keep  up  a  kind  of 
govenuBNit*  The  oecopations  are  tillii^  the  groutul,  working  in  the  mines  in  the 
mountainst  weaving  cotFse  cloth,  fishing*  and  washing  the  saud  of  certain  districts 
forgold. 

TheAurfUa  Papifrifgra,  from  the  pith  of  which  rice  paper  is  made,  grows  in  For- 

BKMa.  These  native  tribes  also  inhabit  the  mountain  districts  of  the  island  of  Uai* 
nan.  The  Chinese  live  on  the  eastern  coast,  where  they  liave  lari^e  fishing  stations, 
for  the  supply  ot  Southern  China  with  salt  tish  ;  and  the  natives  dwell  by  themselves 
on  th«  western  side,  and  maintain  their  independence  and  separation  fitnD  the  in* 
trudeia  on  their  coast. 

The  mountainous  regions  of  the  Nan-ling  and  Mei-Iing  between  Kwang-si  nnd 
Kwei  chau  ^ive  ludgmcnt  to  manv  clans  of  these  aborigines,  who  are  called  Miau- 
tsse,  or  "  children  of  the  soil,"  whtdi  they  no  douht  are.  It  is  siognlar  that  any  of 
these  people  should  have  maintained  their  independence  so  long  and  not  been  cum. 
pelled  to  submit  to  Chinese  rule,  surrounded  as  they  are  by  the  Chinese  people. 
This  race  preseot^i  so  many  plty&ical  points  of  difference  to  the  Chinese,  as  to  lead 
me  to  infer  that  they  are  a  more  ancient  people  than  the  latter,  and  the  aborigines 
of  Southern  China.  They  aie  bnialler  in  si/.c  nnd  stature  than  the  Chinese,  have 
pborter  necks,  and  their  features  are  more  ai  gular.  The  degree  of  civilization  they 
have  obtained  is  much  below  that  of  the  Chiucbe.  It  is  nut  kuuwn  what  language 
they  speak,  but  the  names  given  to  the  parts  of  the  body  and  the  common  articles 
about  their  boats,  by  some  boatmen  who  visitcd  Canton  some  years  since,  showed 
that  it  was  evidently  not  Chinese. 

There  are  about  forty  tribes  of  these  Miau-tsze  scattered  over  the  mountains  of 
Kwaag^tnng,  Kwangsi,  Hu-nan,  and  Kwei>cbaii,  speaking  several  dialects,  and  dif« 
fering  among  themselves  in  their  customs,  government,  and  ilress.  The  Chinese 
government  keep  troops  at  the  foot  of  the  mountains  to  restrain  these  tribes,  wlio, 
though  often  hostile,  are  on  the  whole  inclined  to  live  at  peace,  but  resist  every  attempt 
to  penetrate  into  their  foi  t^l:^hl  i«.  The  tribes  are  often  at  strife  among  themselves, 
which  becomes  a  source  of  s-aftty  to  the  Chinese,  who  are  ill  able  to  resist  these  hardy 
moaotaine<U's.  It  would  appear  that  the  race  called  the  Chinese  people,  spreading 
over  the  magnificent  country  they  bad  found,  drove  back  the  Miau-tzse  or  "  sons  of 
the  soil,"  those  on  the  coast  taking  refuge  on  the  islands  of  Formosa  and  Hainan, 
while  those  to  the  wcstwntd  sought  their  homes  nmong  the  mountains  in  their 
neighbourhood ;  and  there  they  have  remained  a  separate  people,  divided  into  various 
triltes,  rated  over  by  governors  or  chiefs  of  their  own  ;  the  larger  number  of  these 
Miau-tszc  have  maintained  their  independence,  but  some  have  taken  office  intiie 
Imperial  nrmv,  nnd  have  associated  thinisrlvcri  with  tlio  Chinese.  Vatious  opinions 
are  entertained  us  to  the  religious  doctrines  of  these  Miuu>tsze,  who  appear  not  to 
be  wholly  idolaters;  some  of  the  tribes  have  a  tradition  of  a  Supreme  God,  who 
created  the  wurld,  but  their  knowledge  is  very  indistinct  and  imperfect.  The  chief 
source  nf  informuii  n  about  tlicj-e  people  is  di'iived  from  w  sci  irs  of  ctjiourcd  draw- 
ings ;  one  of  the  most  perfect  of  eucli  series  that  has  been  obcamed  was  exhibited 
in  the  Section ;  the  drawings  were  evidently  taken  by  some  Chinese  traveller  who 
visited  the  ujountuin  tribes.  Kacli  dra\v  ing  illustrates  one  of  the  tribes,  and  presents 
a  -^Totq)  of  the  |)e(jple  in  some  charactenst  c  occupation  or  amusement,  and  is  accom- 
panied by  a  short  desciiplion  of  the  tribe  to  which  it  refers. 

These  people  are  Interesting  from  the  fact  that  they  most  have  a  variety  of  ancient 
cust(  nis  nmong  them,  and  also  bccau.^e  tliey  are  the  sons  of  ficcdoui;  and  however 
great  may  be  the  ditference  between  us  and  them,  they  have  a  certain  affinity  with 
us,  and  may  some  day  bid  us  a  hearty  welcome  to  the  laod  of  their  forefathers. 
They  are  dispersed  over  the  mountains  cf  Soathern  and  Central  China,  and  live  in 
n  changeable  state  of  relationship  to  the  Chinese  around  them  ;  sometimes  they  fight 
in  open  war,  at  others  they  rob  and  plunder,  and  sometimes  they  buy  and  sell. 
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These  Miau-tsze  live  to  a  great  extent  on  the  eastern  slopes  of  the  mountains, 
whose  western  slopes,  in  South- Eastern  Asia,  are  peopled  by  the  numerous  tribes  of 
Laos  and  Shaos*  and  more  particolarlj^  of  the  Karens,  who  are  our  tried  and  fUlhfat 
adherents  in  the  territory  of  Burmah  ;  and  there  are  probably  strong  marks  of  sinu- 
larity  of  origin  and  identity  of  race  between  the  Miaa^tase  of  China  and  the  Karena 
of  Burmah  and  i^egu. 


Journey  in  the  Tmiba  and  Nn^  Couniriei,   Bjf  D.  May,  BJf. 


BUlorff  ef  dke  Ante-  Chrhtian  StiUemeni  ofihe  Jew  t»  C&ma, 

By  Dr.  Macgowan,  V.S» 


Cruise  iu  Um  GulJ' of  Pe-clie-li  atul  Lco-tuiig  i^China),   By  J.  Mickik. 


Oh  the  Formalion  of  Oceanic  Ice  in  the  Arctic  Regions, 
By  Captaia  Suerard  O&born,  /^.iV.,  F.R,G\S, 


On  iie  Cmtrae  and  Reeuks  ef  ike  BriHth  NorA  Amenean  E^qtioriny  B^e^ 
dUknf  under  Me  Command  in  the  yeare  1 857>  I B5S,  1859.  By  Captaiu  J. 
Palliser. 

11k>  first  part  of  this  paper  was  occupied  with  a  sketch  of  the  course  of  tlie  expedi- 
tion, illustrated  by  a  large  map.  Starting  from  England  iu  May  1857,  the  expedi- 
tion reached  Lake  Superior  by  New  York  and  iLc  United  States,  from  whence  they 
travelled  In  canoes  to  the  Red  River  settlement,  then  with  horses  and  carts  acroaa 
the  Plains  to  the  north-west  to  Carlton,  where  the  first  winter  was  spent.  Duriog 
that  season  Captain  Palliser  travel'pd  hack  to  the  St;itrs  on  business,  and  Dr.  Hector 
reached  as  far  we«t  as  the  Rucky  Mountains.  In  June  1858  the  expedition  resumed 
its  westward  course,  and  in  August  reached  the  line  of  the  Rocky  Moontains.  The 
remaining  two  months  before  the  winter  set  in  was  occupied  in  exploring  the  Moun- 
tains, resuUin;^  in  the  discovery  of  four  paAses.  The  second  winter  was  spent  at 
Edmonton,  where  the  expedition  reassembled  in  October.  Captain  Blakiston  returned 
to  England  from  this  place.  The  winter  of  J 858-59  was  spent  in  various  eaplo* 
rations  into  the  Rocky  Mountains  with  the  purpose  of  learning  their  winter  aspect. 
Tile  furthest  of  them  reached  almost  to  Mount  Brown.  In  spring  of  18')!)  M.  Bourgeau 
returned  to  England,  his  term  of  engagement  having  expired  ;  and  the  rest  of  the  party, 
accompanied  by  two  English  gentlemen,  the  late  Captain  Brisa>  and  Mr.  Mitchell, 
proceeded  through  the  Blackfoot  country  along  the  South  Saskatchewan  and  bounds 
ary  line,  till  in  August  they  again  separated  to  explore  the  mountains  ;  Captain 
Palliser  and  Mr.  SuUivan  undertaking  the  west  slope,  aiid  Dr.  liector  to  endeavour 
to  pass  direct  to  the  valley  of  Eraser  River.  The  party  again  rejoined  at  Fort  Colvile* 
and  from  thence  descended  the  Columbia  river  to  the  sea.  A  necessary  delay  at 
Vancouver  Island  allowed  of  a  visit  to  the  coal  mines  at  Nanaimo.  and  also  to  Fra?cr 
River,  after  which  the  expedition  returned  to  England  by  California,  Panama*  and 
the  West  Indies,  having  been  absent  exactly  three  years. 

The  territory  which  has  now  been  examint  cl  and  mapped  by  this  expedition  ranges 
from  Lake  Superior  to  the  eastern  sliore  of  the  lesser  Okanagan  Lake,  and  from  tho 
boundary  line  to  the  watershed  of  the  Arctic  Ocean.  This  large  belt  of  the  cootiocat 
was  explored  in  three  seasons. 

The  first  season  was  devoted  to  the  examination  of  its  south-eastern  portion 
hrtwccn  Lake  Superior  to  the  elbow  of  the  south  branch  of  the  Saskatchewan,  and 
from  the  British  boundary  line  or  49th  parallel  to  Fort  Cailtoo,  ia  lat,  52^  b'X 
long.  106^  18'  W. 

second  season  was  devoted  to  the  examination  of  the  territory  between  tha 
two  Saskatchewans,  to  the  cx|)luration  of  the  Rocky  Mountains,  and  to  the  discovery 
of  the  passes  available  for  horses  in  the  British  territory. 

The  third  season  commenced  with  a  long  journey  from  our  winter  quarters  at  Ed- 
aontoa  in  Ut.  6S°  34'  N.,  long.  113''  20'  W.»  through  the  ISlackfoot  country  to  tha 
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most  western  point  in  the  neighbourhood  of  the  boundary  lino,  prpvmtislv  reached 
bf  the  expedition  from  the  eastward  in  1857.  A  westward  course  was  liicu  resumed 
■loog  tbt  country  between  the  Soath  Saakatcbefrao  and  tlie  Britiab  boundary  line, 
thence  once  more  across  the  Rocky  Mountains.  Finally,  the  connexion  uf  a  route 
practicfiblc  tor  horses  was  effected  ihe  whoh^  way  from  Red  River  s^ettlement  acroaa 
the  coutiucnt  to  the  Gulf  of  Georgia,  cutirciy  within  British  doinmions. 

Tbta  large  belt  of  eonntry  embraoea  diatr(cts«  some  of  which  are  valuable  for  the 
purposes  of  the  ngilculturi&t,  while  others  will  for  ever  be  comparatively  useless. 

The  extent  of 'surface  (drained  by  the  Saskatchcwnti ,  and  other  tributaries  to  Lake 
Wioipeg,  which  wc  iiud  ua  oppurtuuity  of  cxuminiug,  amounts  lu  round  numbers  to 
150,000  aqnare  mllea.  Thia  region  is  bounded  to  the  north  by  what  ia  known  as  the 
"  strong  woods,"  or  the  southern  limit  of  the  great  cireum-arctic  zone  of  forest, 
which  occupies  these  latitudes  in  the  northern  heiuisphcie.  This  line,  which  is  in- 
dicated in  the  map,  sweeps  to  the  north-west  from  the  &iiore  of  Lake  Winipcg.  and 
readsea  ite  most  northernly  tioiit  about  54^  30'  N.,  and  long.  109^  W.,  from  where 
it  again  passes  to  south -v.-rst,  meeting  the  Rocky  Mountains  in  lat.  51"  X.,  long. 
JI50  Between  this  line  of  tlie  "strong  woods  "  and  the  northern  limit  of  the 
true  prairie  country  there  is  a  belt  of  land  varying  in  width,  which  at  one  period 
must  have  been  covered  by  an  extenaion  of  the  northern  fomta»  bat  which  baa  been 
gradually  cleared  by  successive  fires. 

It  is  now  a  partially  wooded  country,  abounding  in  lakes  and  rich  natural  pasturage, 
in  some  parte  rivalling  the  fineet  park  scenery  of  our  own  country.  Throughout 
thia  region  the  climate  seems  to  preserve  the  same  character,  although  it  paaaee 
tiirough  very  different  latitudes,  its  form  being  tlouhtleas  determined  by  the  curves 
of  the  isothermal  Unes.  Its  superficial  extent  embraces  about  65,000  s<|naru  uiUs, 
of  which  more  thim  one-third  may  be  eonaidered  aa  at  once  available  for  the  pur- 
poaea  of  the  agriculturist.  Its  elevation  increases  from  700  to  3500  feet  as  we  ap-. 
pruach  the  Knrky  Mountains,  consequently  it  is  not  efitmlly  adapted  thrf)ughaut  to 
the  cultivation  of  any  one  crop ;  nevertheless  at  Fort  Edmonton,  which  has  an  altitude 
of  2000  feet,  even  wheat  ia  aometimea  cultivated  with  aacceaa. 

The  least  valuable  portion  of  the  prairie  country  haa  an  extent  of  about  80,000 
square  miles,  and  is  that  lyin^  along  the  South  S;i«katchewan,  and  southward  from 
thence  to  the  boundary  line,  while  iti»  uorlheru  iiiuii  is  known  in  the  Indian  languages 
aa  '*  the  edge  of  the  woode,"  the  original  line  of  the  woods  before  invaded  by  fire. 

On  the  western  side  of  the  Rocky  Mountains,  in  the  country  which  we  examtned, 
there  were  but  few  spots  at  all  tirif-d  for  the  agriculturist,  and  these  form  iaolatcd 
patches  in  valleys  separated  by  mouniaui  rtuiges. 

.  Ae  the  next  reeult  of  onr  explorations,  I  ahali  briefly  mwetion  the  different  passca 
through  the  Rocky  Muuntams  wtiich  wa  explored^  alhiding  to  the  chief  advantagea 

and  disndv»ntn(tes  of  each. 

The  Kunauaskis  Pass  and  the  British  Kootanie  Pass  were  examined  by  myself. 
Of  theee  I  consider  the  Kaoanaskis  Pass  the  preferable  one,  both  on  acconnt  of  Its 
direct  course  through  the  mountains  and  its  easier  ascent. 

The  ascent  to  the  height  of  land  from  the  east  is  through  a  wide  gently  sloping 
valley,  and  the  immediate  waterehed  ia  formed  by  a  narrow  ridge,  which,  if  pierced  by 
•  abort  tunnel,  would  reduce  the  summit  level  to  about  4000  feet  above  the  eea*  The 
deeceot  to  the  we?r,  into  whidi  Knnanaskis  Pass  o[)cn?,  is  comparatively  easy. 

The  British  Kootanie  i'abs  also  opens  out  into  the  Koutauie  River  valley,  but  the 
altitude  here  to  be  overcome  ia  much  greater,  amoonting  to  6.000  feet.  There  arc 
likewise  two  ridges  to  be  passed,  which  fact  would  form  a  very  atrong  olgection  to 
this  pa's. 

The  Yermiiioo  Vai>s,  which  wa&  traversed  by  Dr.  Hector,  presents  on  a  whole  the 
greatest  natural  facilities  for  crossing  the  mountains  without  the  aid  of  engineering 
work,  as  the  rise  to  the  height  of  land  is  gradual  from  both  sidea,  a  feature  which 
spemsto  he  peculiar  to  this  pass.  It  would  thus  be  impossible  to  diminish  its  summit 
level  (which  is  less  than  5000  feet),  as  is  proposed  in  the  case  of  Kananaskis  Pass, 
but  on  the  other  hand  it  would  be  the  most  euitable'for  die  constmetion  of  an  eeuy 
waggon  road. 

This,  like  the  other  two  passes  I  have  mentioned.  al>f)  strikes  the  Kootanie  River 
close  to  its  source ;  but  last  summer  Dr.  Hector  crossed  the  mouutatus  bv  another 
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pass  A  om  the  head  of  the  north  branch  of  the  Saskatchi;waQ«  directly,  to  the  Columlm 
River,  in  the  vicinity  uf  the  boat  cDcatnpuieut. 
Leaving  this  latter  pass  out  of  consideration  for  the  preeent,  as  all  of  the  others 

open  to  the  Kootanic  Itiver.  it  becomes  nrce«.sary  to  consider  the  course  by  whch  it 
may  be  practical)le  to  reacli  the  coast  ot  the  Pacilic  witliout  cro6?inji;  to  the  south  or 
American  side  of  the  boundary  Ime.  it  was  witb  great  dtlBculty  lor  this  jjurpose 
even  a  partial  exaniinatioo  of  the  coootry  eoold  be  eflPeeted,  owiog  to  the  rugged 
valleys  wliich  intersect  it  in  a  direction  parallel  to  the  mountains,  and  which,  though 
not  formtdahic  themselves,  are  covered  with  such  dense  forest  ns  to  present  nb'-'acies 
to  the  travuiicr.  Notwithstandtng  thebe  diliiculties,  Mr.  Suiiivan  succeeded  m  making 
his  way  on  the  north  side  of  the  boundary  line*  and  at  the  same  tine  following  a 
system  of  transverse  valleys,  which  mi^ht  allow  of  the  construction  of  a  road  with- 
out much  trouble  from  the  mouth  of  Kananaskis  Pass  to  the  Columbia,  above  Fort 
Colviie.  From  this  point  westward  I  myself  ascertained  that  it  would  be  possible 
to  reach  the  valley  of  the  Okanagao«  by  which  I  believe  the  Americana  have  already 
commenced  to  connect  the  waggon  road  of  the  Columbia  with  the  upper  country  of 
the  Frazcr  River.  While  pmntiug  out  the  circunis^ance';  that  seem  to  favour  the 
possibility  uf  carrying  a  road  through  British  terntury,  itom  the  Saskatchewan  to 
the  Pwific,  I  wis&  to  refrain  from  expressing  any  opinion  as  to  the  expediency  of 
undertaking  at  the  present  time  a  work  which  would  involve  a  vast  amount  of  labour 
and  a  correinnndinc;  heavy  expenditure.  For  how  long  a  ti^i  e  in  the  \  ear  such  a 
road  would  remain  open,  is  a  (question  as  yet  unanswered,  and  winch  has  a  most 
important  bearing  on  the  safaject.  In  addition,  the  difficulty  of  direct  commnaicatioa 
between  Canada  and  the  Saskatchewan  country,  as  compared  with  the  comparatively 
easy  route  through  the  United  State*;  by  St.  Paul's,  renders  it  very  unlikely  that  the 

Sreat  work  of  constructing  a  road  across  the  contmcut  can  be  solely  the  r^ult  of 
Irittsh  enterprise. 

Not  the  least  important  results  of  the  expedition  are  the  meteorological  observa* 
tions,  which  have  been  carefully  conducted  during  the  wlioh'  (period  of  the  explorations, 
both  in  the  winters  and  summers,  whether  we  were  stationary  or  txaveliing.  I  lay 
atresa  npon  this  fact,  as  it  affords  materials  for  ascertaining  the  exact  nature  of  the 
climate,  and  m^ns  for  a  correct  comparison  between  its  nature  and  that  of  Canada. 

The  hourly  magnetic  oliscrvations  were  conducted  by  Lieutenant  Blakision,  R.A., 
assisted  by  the  other  uicmbers  of  the  ex|)editioii,  during  the  wmtcr  of  1857-58. 
These  were  not,  however,  carried  on  during  the  winter  1858-59*  owing  to  tha  retura 
of  Lieutenant  Blakiston  witb  the  instruments;  the  magnetic  declinationa  however  were 
attended  to. 

The  astronomical  observations  and  computations  were  phiced  in  the  bands  of  Mr. 
Sttlfivan,  and  the  ge(i<^rai)hical  position  of  the  several  salient  points  of  the  map  art 
determined  princi|)ally  by  his  lunars,  the  rates  of  chronometers  being,  of  coarse,  toa 
unsteady  to  be  depended  on  while  travelling  through  so  rough  a  count  rv  . 

The  large  botanical  collection  of  our  botanbt,  M.  Buuri^eau,  ita^  already  been  sent 
to  Kew  Gardens,  where  the  specimens  have  been  carefully  arranged  by  himself  under 
the  inspection  of  Dr.  Hooker,  who  highly  values  them. 

Dr.  Hfctor's  specimens  of  fo»siU,  &c.  were  from  time  to  time  transmitted  to  Sir 
Kodenck  Murchiaou  at  the  Jermyn  Street  Museum,  but  from  the  nature  of  the  subject 
much  time  mnit  elapse  before  the  results  can  be  laid  before  Her  Majesty's  Government. 

In  conclusion,  I  have  great  pleasure  in  bearing  testimony  to  the  unceasing  zeidaod 
energy  of  my  com[)anions.  who<<e  valuable  assistance  has  been  iostrumf ntal in  bringing 
the  expedition  to  so  successful  a  termination. 

Addxnoum  I. — Remarkg  amcemhig  tht  CUmale  of  the  SaskatehetooH 

DiHneL  By  Dr.  Hector. 

The  winter  tcnip^ralure  is  about  21^  Fahr.,  ranging,  however,  in  regular  succes* 
sions  from  h'vzh  to  low  temperatures.  In  Januan,-  1859  it  was  as  ri^  I't^  n!)OVc 
zero  for  a  few  hours,  accompanied  by  rain  and  high  wind*.  In  that  instance,  how. 
ever,  between  4  p.m.  and  9  p.m.  it  fell  from  +  37^  to  — 13,  a  difference  of  50°  in  fivo 
hours.  The  greateat  depression  of  the  thermometer  in  both  years  was  about  the  1 2th 

*  Jsauaiy  Srd,  1858|  at  Port  Edmonton. 
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of  February.  Throughout  the  winter  the  sdow  faih  in  storms,  which  seldom  last 
more  thftn  two  to  three  days.  The  first  fall  geoenllj  occurs  in  the  mooth  of  October* 
bat  that  always  disappears  again  before  the  aoowa  of  November  coianieoce,  which 

arc  permanent  for  the  winter.  From  the  open  country  the  snow  evni»ornrps  very 
rapidly,  so  that  the  prairies  arc  never  deeply  covered ;  but  in  the  woods  it  accumulates 
till  spring.  In  Mine  districts  of  the  country  more  sdow  falls  than  in  others ;  for 
instance,  at  Fort  Pitt,  about  400  miles  e.ist  of  the  mountains,  there  is  generally  3  feet 
to  4  feetof  snowin  =;pring,  while  close  along  the  eastern  base  of  ihp  Rocky  Mountains 
it  seldom  exceeds  6  inches,  and  disappears  very  early.  At  Fort  ICdmonton  the  snow 
alwaya  disappears  fully  a  foftnight  sooner  than  at  Fort  Pitt, altitough  both  placea  are 
io  the  same  latitiide.  but  the  former  3°  further  to  the  west. 

The  rivers  genernlly  freeze  up  about  the  1 2ih  of  Xovciiiber,  and  it  is  curious  that  the 
Saskatchewan  "  takes,"  a<}  the  local  term  has  it,  on  the  same  day  both  at  lulmontoa 
•ad  Carlton,  places  distant  from  one  another  nearly  500  miles.  In  1858  the  ice 
broke  up  on  the  7th  of  April,  but  in  1839  not  till  the  26th  of  that  month.  But  this 
does  not  show  the  whole  of  the  remarkable  difTorence  in  those  two  seasons  ;  for  in 
the  former  «he  ice  rotted  away  gradually,  while  io  the  latter  it  "gave  "  io  a  single 
night  from  a  sudden  fiood  which  followed  the  first  warm  weather. 

A  spring  season  hardly  exists  in  the  Saskatchewan,  for  in  a  few  days  everything 
bursts  into  full  verdure  after  the  breaking  up  of  winter.  June  is  generally  a  wet 
mouth ;  and  much  rain  also  falls  during  the  first  half  of  July,  but  after  that  period 
the  SQmmer  la  very  dry.  There  is  little  or  no  thonder  in  the  higher  country,  unlike 
the  Red  River  settlement,  where  for  a  certain  season  thnnder«itorma  are  of  daily 
occurrence. 

The  nature  of  the  snow-line  on  the  Rocky  Mountains  gives  a  clew  to  the  cUmatal 
arrangement  of  the  country  to  the  east.  Although  there  are  many  of  the  movntaint 

in  the  eastern  part  of  the  range  which  exceed  those  to  the  west  in  altitude,  only  few 
of  their  valleys  are  filled  with  glaciers.  The  great  glaciers  at  the  source  of  the  north 
branch  of  the  Saskatchewan  are  fed  truiu  fields  of  ice  and  perpetual  snow,  that  may 
be  considered  as  lying  on  the  western  slope  of  the  range,  llie  diminished  altitn^ 

of  the  snow-line  towards  the  west  is  thus  proved.  Tlie  reason  is,  that  the  prevailing 
winds  are  from  the  west,  ariil  in  rising  to  cross  the  mountnitT^  thoy  nre  cnnlrfl,  nnd 
so  deprived  of  their  moisture,  whicli  ceases  to  be  deposited  after  ihey  pass  over  the 
greatest  altitude. 

Concerning  the  Indians  of  the  west  side  of  the  mountains,  he  stated  that  the  tribes 
arc  very  ntmierous,  and  principally  support  thrmsdvos  on  ihh.  In  mf^st  of  the 
tributaries  of  the  Columbia  the  salmon  i^warm  in  such  numbers  as  tu  taint  the  air  at 
A  certain  season  of  the  year  when  Uieir  bodies  are  cast  np  on  the  bsnks.  These  fish* 
eating  Indians  are  of  very  low  grade,  a.s  wherever  Indians  obtain  their  living  easily 
thcv  invariabls"  become  debased.  Thus  the  Indian^  tn  the  cast  of  the  Rockv  Moun- 
taiuti,  that  dwell  in  the  strong  woods,  and  live  by  tia*  vlia&e  of  aumiais,  sucii  as  the 
Moose<deer,  which  requires  great  akill  and  sagacity,  are  vastly  aoperior  to  the  Indians 
of  the  plains,  who,  living  on  buffalo,  with  ease  obtain  abundance  of  food. 

He  adduced  the  case  the  Sarcccs,  who  belor^f^  to  a  tribe  of  M*^Keozie  River 
Indians,  called  the  Chepeyans,  who  are  perhaps  the  tinest  Indians  on  the  continent ; 
and  yet  these  Sarcees,  from  having  left  their  natural  course  of  life  some  centuries 
back,  and  taken  to  the  plains,  where  they  live  among  the  lilackfoot  tribes,  have  he- 
come  the  worst  Indians  of  tlie  Saskatchewan.  Their  constitutions  have  become  en- 
feebled, as  is  shown  by  the  prevuLacc  of  goitre  among  them,  the  whole  tribe  being 
aflected  with  this  disease  almost  without  exception,  whereas  it  seldom  or  never  occurs 
amoncr  tjtticr  Indians.  The  half-breeds  who  live  in  the  Forts  of  the  Upper  Ssskat* 
chcvvau  aiu  very  subject  tu  goitre,  the  cause  for  which  is  very  obscure. 

Addendum  %^Renutrk$  eoneeming  (he  TVihes  of  Indiam  inhabiting  the 
Country  examined  bp  the  Expedition,   By  Mr.  Sullivan. 

Mr.  S.  pointed  out  that  the  northern  portion  was  occupied  by  the  Crees.  which  art 

the  most  prominent  triljc  of  the  country,  and  Iiest  knuwn  to  white  rnen.  Th.^  district 
nloni^;  xXv-'  South  .Sa<:katci  ewati  and  towards  the  boundary  line,  he  stated  was  inhabited 
by  a  cuiiection  of  alhe<l  tribe.5,  all  speaking  nearly  Liic  same  language,  and  known  as 
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the  Blackfoot.  This  terra  comprises  the  Biackfuot  proper,  the  Blood  Indians, 
Peagans,  Gro  Ventres,  Sarcees,  and  several  others.  The  Sarcees,  however,  are  really 
ir«ry  diiferent  Indians,  and  havt  their  retationt  far  to  the  north  on  M'Kenzie  River. 

He  next  spoki'  conrerninG^  the  languages  of  the  tribes,  of  which  he  has  prepared  voca- 
bulnrios,  stating  that  that  ol  the  Crees  is  verj'  perfect,  having  a  very  effective  system 
of  grnmmar,  v^'hich  has  been  ably  developed  by  the  missionaries,  who  ha\e  also 
invented  a  system  of  syllabic  characters,  by  which  the  Indians  soon  learn  to  read 
and  wi  it  in  their  fi'vn  hin^Mnirr.  Thf  characters  rmild  also  he  np[*|ied  to  all  the 
other  Indian  languages  heexauiiutid  east  of  the  mouotaios^  excepting  Sarcee,  which  is 
too  guttural. 

He  remarked  that  a  very  interestinf,  though  small  tribe,  known  as  the  Mountain 
Stoneys,  had  been  induced  by  the  Wf  -^Im  nn  missionary  to  commr'ncen  little  n^'ricul- 
ture.  It  does  not  amount  to  much,  however,  their  principal  crop  being  turnips, 
whkh  they  generally  pnl!  and  tat  raw  before  tiiey  are  nearly  grown.  Of  the  rtry 
different  habits  of  Indians  which  inhabit  the  woods  from  those  of  the  plains,  he  men- 
tioned in  addition  the  curioti%  circumstance,  that  in  a  camp  of  the  former  Indians 
there  ts  never  any  noise  t  and  even  in  conversation  they  taXk  almost  at  an  inaudible 

eitch,  a  habit  derived  ftt>ra  their  stealthy  habite  in  hunting!  nhews  a  eftmp^  of  Plain 
adians  resembles  a  fkir,  as  drams  beating,  whooping,  and  aioging  is  eootiAoed  all 
day  and  all  night 


O/i  Jus  proposed  Journey  frotn  K/mrfum  in  Upper  JSyypt  to  meet  Captain 
SfMlce  Oft  nr  near  (he  lioke  Nyama  of  Central  Afrka,  By  Consul 
Pbthbrxck, 


On  Ui»  Farmaium  of  Icebergs  atrrl  Lr  Art  ion.  o.i  oh'^en^ed  in  tie  Jludmm*§ 

Bay  and  S/raits,    Jit/  Dr.  J.  !{  \  f. 

The  manner  in  which  icebergs  are  generally  formed  is  so  well  known  that  it  would 
be  out  of  place  to  mention  ft  here,  but  I  have  observed  in  Hudson's  Bay  and  Straits 
tfiest  ice-ishuds  formed  in  a  mode  different  from  that  usually  described. 

Alonf?  thc^c  shores  there  are  high  and  steep  clilTs  fronting  the  ?"*a,  andhavinjr  deep 
water  at  their  base.  Many  of  these  cliffs  face  to  the  south-eastward,  in  the  winter 
Mia  of  snow  are  frequent,  and  as  almost  every  snow-storm  is  followed  or  accompanied 
by  a  gale  of  northerly  or  north-westerly  wind,  the  snow  is  blown  over  the  cliff  and 
deposited  in  deep  drifts  at  the  cliff- foot  on  the  ice,  which  is  forced  down  by  the  weight. 

As  I  have  known  a  drift-bank  of  20  or  30  feet  formed  by  one  gale  of  wind  of  as 
many  hoars'  duration,  it  may  be  readily  understood  how  in  die  course  of  a  winter  aa 
aoenmalation  of  snow  to  the  depth  of  several  hundred  feet  may  be  formed,  CKtendtng 
in  a  sloping  direction  to  seaward  thus 


A<?  soon  as  warm  weather  comes  on  tn  sprinn:  the  f*nrfnce  snow  is  thawed;  the 
water  percolates  downwards  until  it  reaches  the  snow,  which  is  colder  than  the 
freezing-point,  and  the  whole  is  froxen  Into  a  solid  mass  of  ice. 

This  process  goes  on  to  a  greater  or  less  extent  according  to  the  severity  of  die 
season,  the  quantity  of  snow,  and  the  amotint  nf  windy  weather,  until  the  snow- 
formed  ice  attains  great  thickness  and  breaks  off  in  large  masses  in  the  form  of  ice- 
bergs. 

In  Hudson's  Bay  the  icebergs  formed  in  this  manner  are  small  and  scarcely  de* 
serving  th(  nnme,  but  in  the  Straits  they  are  large  and  lofty. 

When  passing  through  the  Strait  near  to  the  north  shore,  I  have  seen  some  of 
these  lying  close  to  t)m  cliff  from  which  they  had  become  detadied,  and  showing 
projections  and  hollows  corresponding  to  the  form  of  the  rocki  from  which  they 
nad  broken  away. 
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Whilst  wintering  at  Rfpulse  Bny  on  tiie  Arctic  circle  in  1846-47  am!  1S53-54, 
I  had  an  opportuuicy  of  obs^erving  the  uiannei*  iii  winch  boulders  are  taken  up  and 
transported  by  ice. 

In  the  early  part  of  winter,  when  the  sea-ice  has  nttainrrl  considerable  thickne'^s, 
it  adheres  at  low  water  to  any  stones  it  may  rest  upon,  ami  as  the  tide  flows,  raises 
these  from  the  ground.  As  the  ice  iucreai»es  in  thickness,  these  stones,  some  of  them 
3»  4,  or  S  feet' in  diameter,  are  gradually  imbedded  io  the  ice,  wbich  attains  a  depth 
of  8  feet  or  morr. 

In  the  spring  the  surface- ice  wastes  away  by  tlie  cnml/mod  action  of  thaw  and 
evaporation,  whiUt  it  is  still  acquiring  fresh  thickness  uudcrneath. 

In  the  month  of  Jane,  the  boulders,  yflnch  in  the  aataran  were  under  the  ice,  now 
appear  on  its  surface,  and  may  he  floated  off  to  great  distances,  when  the  ice  is  broken 
up  whilat  still  strong,  by  the  action  of  winds  and  currents. 


Oh  ike  Aboriginu  tf  i&e  Artflc  and  S!,(h-  ArcHe  HegUnu  of  North  America^ 

By  Dr.  Uae. 


Remarks  on  some  of  the  Paces  vj  India  and  Hiffh  Asia  (in  connexion  wUk 
Casfs  exhibited).    By  UoiiKRT  von  Schlacintvveit. 

Mr.  Robert  de  Schlagintweit  gave  a  short  sketch  of  the  aboriginal  tribes  of  Cen- 
tral India,  as  also  of  the  race  inhabiting  the  countr>'  between  the  KarahorSm  and 
Sayan  Shan,  which  go  by  the  name  of  the  Turks.  He  also  presented,  in  illustra- 
tion of  his  remarks,  some  metal  casts*  of  native  faces  taken  iinni  life.  The  tribes 
composing  the  population  of  tlic  raouatain  regions  of  Central  ludia  aie  the  KuIm, 
the  G^,  the  Bi<e,  and  the  8aniak» 

In  physical  conformation  these  people  differ  most  distinctly  from  either  Hindoos 
or  Mussulmans.  In  their  religious  ohservnncp^.  nl?n.  and  the  habits  of  domestic  life, 
they  have  nothing  in  common  with  their  neighbours,  i'he  language  originally 
•polcen  by  them  is  now  almost  entirely  lost,  and  it  was  only  with  great  difficulty 
that  we  could  collect  from  old  people  any  remains  of  their  former  idiom. 

Though  there  exist  mnny  affinities  amongst  the  four  tribes  above  mentioned,  yet 
each  preserves  its  peculiar  aud  characteristic  Icatures.  The  complexion  is  remark- 
ably dark,  nearly  approaching  the  colour  of  Negroes;  the  mouUi  is  extremely  large, 
though  the  Hps,  whicli  are  .scarcely  ever  parallel  to  each  other,  are  not  very  fleshy ; 
the  nose  is  broad  and  t^nt,  and  the  hair,  w  hich  is  generally  shaved  off  or  cut  very 
short,  stands  out  stiit  and  straight,  'i'hough  at  first  glance  these  tribes  may  show  a 
sapeifidal  resemblance  to  the  African  race,  yet  a  doser  examination  will  disclose 
characteristic  differences,  especially  with  reference  to  the  lower  part  of  the  head, 
which  is  more  prominent  and  considerably  stronger  with  the  Negroes.  By  some 
ethnographers  a  remote  athnity  with  Australian  tribes  has  been  pointed  out  ^  but 
the  likeness,  on  closer  comparison,  proves  merely  an  apparent  one* 

The  mountainous  countries  inhabited  by  the  Kols,  Bils,  and  Saatals  tre,  fortiM 
greater  part,  covered  with  dense  jungles,  and  at  certain  seasons  of  the  yrnr  hernme 
so  unhealthy  as  to  prove  extremely  dangerous  for  every  one  except  the  natives  tiiem* 
sdvca,— 'a  most  remarkable  instance  of  the  fact,  that  some  homan  tribes  are  capable 
of  living  under  conditions  altogether  fatal,  or  nearly  so,  to  others. 

Cultivation  can  only  be  carried  on  to  n  very  limited  extent;  and  the  inhabitants 
chiefly  occupy  themselves  in  cuttmg  down  trees,  and  in  hunting  the  wild  animals 
with  which  tfceir  country  aboonds. 

The  clothing  of  this  rude-  people  is  very  scanty,  consisting  merely  of  a  Small  piece 
of  unbleached  cloth  for  the  loins,  and  another  piece  of  the  same  wound  round  the 
temples,  ^  as  to  leave  a  great  part  of  the  head  exposed  to  the  powerful  rays  of  the 
sun.  They  have  no  shoes,  but  sometimes  wear  a  kind  ti  sandal  made  of  rough 
wood,  and  shaped  to  the  foot,  with  another  small  round  covering  (tf  wood  at  ub 
upper  end,  to  afford  a  hold  for  the  toes. 

I'hcir  sole  weapons  are  axes,  ia  the  use  of  which  they  display  considerable  experts 

These  casts  are  a  selection  from  ^ressrs.  de  Schlsgintweit's  coUection  of  27&  hesds, 
published  (1859)  by  T.  A.  Barkt  at  Leipzig. 
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ness.  For  dweUiags,  they  erect  for  themselves  miserable  huts  coastrucled  of  bam- 
boo Slid  the  leaves  of  wiooft  trees* 

Thr'  contempt  with  which  they  are  universally  treated  by  their  nrighbourt,  the 
ilindoos,  has  rendered  them  evtiLHielv  shy  and  suspicious  ;  whenever  I  approached 
one  of  their  villages,  they  luvui  lably  li^lt  their  huts  and  tried  to  couceal  themselves 
in  the  dense  jungles  of  the  neighboarhood.  Though  I  had  the  necessary  supply  of 
gaides  with  me,  yet  their  services  in  this  respect  were  indispensable  on  mmj  ooca* 
8ion«. 

M.  de  Schlagintweit  passed  on  to  the  Turk«,  a  people  particularly  recommeodiDg 
themselves  to  his  notice,  as  presenting  marked  differences  from  all  the  tribes  he  had 

had  occasion  to  observe. 

This  remnrkable  race  inhabits  those  parts  of  Central  Asia  which  to  the  north  of 
Tibet  arc  interposed  between  the  Koroakurinn,  the  Sayan  Slian,  and  considerably  to 
the  east  of  it.  In  many  1 1  i  ects  they  show  points  of  resemblance  to  the  Mongols* 
hilt  nevertheless  form  a  separate  and  distinct  tribe»  and  may  be  considered  as  the 
original  stork  finm  which  the  Turks  in  Europe  have  spruns:  Even  at  the  present 
day  the  true  Turkish  language  holds  its  ground  amongst  them  ;  and  though,  on  com- 
parison  with  the  kindred  idiom  used  by  the  European  Turks,  there  are  many  dialeetic 
deviations  to  be  observed,  yet  it  is  evident  that  the  Turks  in  Central  Asia  have  pre* 
served  the  purity  of  the  orieinal  tnnijue,  whilst  the  re!:ittMl  race  in  £arupe  have 
modified  it  with  a  considerable  admixture  of  Persian  and  Arabic  words. 

Like  their  European  brethren,  the  Asiatic  Turks  are  fanatic  Mussutmant,  honest* 
active,  and  hospitable,  and  far  more  civilized  than  their  neighbours  the  Tibetans, 
'i'hi'ir  manners  are  characterised  l)V  the  strictest  otjscrvnnce  of  punctdiou'^  etiquette, 
some  of  the  ceremonies  bcmg  bo  complicated  as  to  raise  up  an  almost  tuipassable 
barrier  for  all  strangers. 

The  native  dress  is  rather  handsome  and  rich,  varying  Recording  to  the  seasons. 
For  winter,  or  when  travelling  over  the  mountairrj,  the  Turk  wears  a  long  for  coat, 
woollen  trowsers,  and  a  round  fur  cap.  The  stockings  are  of  felt,  and  so  long  that 
they  can  be  drawn  over  the  trowsers,  when  they  are  fastened  by  an  ornamental 
ribbon  above  the  knee.  So  far,  the  (h  e^^,  whidi  we  bad  to  assume  ourselves  when 
disguised,  is  very  convenient;  hut  the  shoes  are  so  thin  as  to  offer  but  a  slight 
protection  to  the  feet.  The  summer  costume  consists  also  of  a  coat  and  trowsers,  a 
light  csp  for  the  head,  and  hoots  reaching  up  to  the  knee  worn  without  any  stock* 

Ydrkand,  their  chief  place,  as  also  Kashgar,  is  one  of  the  most  important  and 
flourishing  places  of  Central  Asia.  The  population  is  in  general  a  wealthy  oncj  and 
live  in  good  solid  houses. 

The  inhabitants  of  the  mountainous  parts  are  mostly  shepherds ;  the  principal 
occupation  of  those  in  the  plnin^  is  trade,  v.  Viirh  they  carry  on  with  horses  and 
Bactrian  camels  along  routes  apparently  impracticable  for  loaded  animals.  The 
merchants  travel  as  far  south  as  Ladak  and  Pesham,  and  to  the  north  find  their  way 
to  the  shores  of  the  Issikul  lake.  On  the  west  they  penetrate  beyond  the  Ruraiaa 
frontier ;  but  towards  the  ea«5t  comincrri.il  intercourse  is  restricted  by  the  loiglS 
desert,  stretching  aNmg  the  eastern  part  ot  the  Kuenluen. 

It  may  here  be  mentioned,  that  the  caravan  route  from  Yarkand  to  Ladak  leads 
for  more'  than  fourteen  days*  march  over  uninhabited  mountain  country,  at  an  eleva* 
tion  of  fioni  14,000  to  16,000  feet.  Passes  above  18,000  feet  in  height  occur;  and 
the  whole  district  is  so  hare  and  sterile,  possessing  so  little  vegetation,  that  tlie 
traders  are  obliged  to  carry  with  them  even  the  food  for  their  animals. 

By  far  the  greater  part  of  the  trade  between  India  and  High  Asia,  including  the 
adjoining  part«^  of  Russia,  is  carried  on  by  the  Turks. 

In  cnnclnsion  we  luay  remark  that,  besidos  our  ^«pecia!  rnoeraphical  observations. 
We  had  occa'«ion  to  collect  various  tipectiueus  of  manuiaciurc,  inoatly  from  Turkish 
and  Tibeto*  Indian  parts ;  and  we  consider  ourselves  fortunate  in  being  able  to  add 
more  than  20"  specimens  to  the  Sfilendid  general  collection  now  nccuinulated,  under 
the  energetic  direction  of  Dr.  Forbes  Watson,  within  the  walls  of  the  India  House 
Museum. 
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0»  ike  Tribes  composing  the  Populalion  of  Morocco, 
Uy  Lieutenant  Edward  Schlaointweit. 

lliis  paper  was  read  Mr.  Hermana  Schlagintweit,  who  stated  that  bis  brother 
Edward,  First  Lieutenxat  in  the  Bavarian  Army,  had  joined  the  Spanish  forces 
daring  their  late  campnign  in  Morocco.  SubMqucntiy  he  had  made  a  second  visit 
to  Morocco  in  furtherance  of  certain  scientitic  purposes  of  liis  own,  when  he  rcct  u  ed 
the  most  valuable  assistance  from  the  well-known  British  iiesident  in  that  country* 
Mr.  James  Drummond  Hay*. 

The  principal  population  of  Morocco,  the  Moors,  are  a  mixed  race,  deriving  their 
ori^ia  partly  from  the  Berbers  ami  partly  frota  the  Arab^.  They  form  the  most 
numerous  section  of  the  inhabitants  of  the  towas.  Their  complexion  is  compara« 
tively  fair,  not  unlike  that  of  the  iohabitaats  of  Southern  Europe,  while  the  colour 
of  their  hair  is  various,  comprbing  bodi  light  and  dark  sliadet ;  the  form  of  the  face, 
as  well  as  of  the  figure  in  general,  betrays  a  tendency  to  stoutness.  With  regard  to 
character,  but  little  can  be  said  in  the  way  of  praise.  Like  most  Orientals,  the 
Moors  are  false  and  covetous,  grovelling  in  the  lowest  servility  before  their  superiorSf 
and  full  of  arrogance  and  cruelty  to  those  below  them.  This  raee  took  very  little 
part  in  the  lat?  v.  nr.  n  hile  the  following  ones  showed  themselves  as  possessing  much 
greater  energy,  and  capable,  under  proper  guidance,  of  quitting  tbemaelvet  well  ia 
active  service. 

The  various  tribee  of  the  Btn^mn  or  Brabers  most  be  considered  as  the  original 

inhabitants  of  this  district.  They  were  found  alreadv  in  possession  of  the  country 
on  the  arrival  of  the  Romans,  a*  appears  from  the  geographical  terminology  used  by 
the  latter  in  reference  to  these  parts.  The  interesting  work  of  "Al  Hasem"  of 
Granada-*-better  known  under  his  name,  when  a  Christian,  of  "Leo  Africanus,"-r> 
shows,  moreover,  that  during  their  conquest*  in  North-western  Africa  (650-700 
A.D.)  the  Arabs  were  frequently  engaged  in  conflict  with  these  primitive  tribes. 

Like  the  Kellahs  in  K^ypt  who  have  succeeded  in  preserving  the  ethnographical 
tfpe  of  the  ancient  inhabitants,  so  here  also  it  oecurs  that,  in  spite  of  the  many 
changes  in  the  dvnastie^  of  the  country,  thf?  pure  type  of  the  Berbers  is  still  repre- 
sented bv  a  consitierable  ["»rnportion  of  the  population.  They  :h:etly  inhabit  Mount 
Atiaa  and  its  spurs,  ljut  have  also  extended  themselves  as  far  Fez,  Mekinez,  and 
the  towns  along  the  sea'coast. 

In  Morocco  'two  principal  trihe^^  of  the  Berbers  can  be  distinguished  :  the 
Shlockhs,  who  are  settled  in  villages  and  towns;  and  the  Amazirgens,  forming  a 
migratory  and  unsettled  population. 

The  Kbttas  (Kabilet)  and  the  Shayras  in  Algiers  must  also  be  considered  as  be* 
longing  to  the  Berber  race.  In  person  they  are  thin,  V-ur  sinewy  ;  their  hair  brown, 
occa'^ionally  reddish,  and  with  those  from  the  ?ou*licrii  provinces  rather  dark. 
Thuug;h  in  general  character  nut  unlike  the  Moors,  tliey  are  a  much  more  active 
people,  are  good  cultivators  of  the  soil,  and  make  hardy  soldiers.  One  tribe  in  par* 
ticular  of  the  Berbers,  the  Iludnyas,  have  played  an  .influential  part  at  various 
times  in  the  military  hi-<tory  of  Morocco.  Like  the  lanichars,  they  formed  a  strong 
and  tormuiabic  guard,  though  olteu  in  opposition  to  the  government;  but  were  at 
last  disbanded  and  scattered  throughout  various  cantonments  of  the  country. 

The  Riffcrs  inhabit  the  mountain  range?  along  the  Mediterranean,  which  begin 
at  Tetuan  and  r?nrh  to  (;;ipc  "Tres  Forcas."  Confined  as  they  are  to  their  almost 
inaccessible  mountains,  they  form  a  distinct  and  welLmarked  race,  their  language 
even  differing  considerably  from  the  Arabic.  Them  are  sit  principal  tribes  into 
which  they  are  divided,  —the  Ghonidras,  Aksendyas,  Bukone'a,  Tems'manes.Gvel&yas, 
and  Kebdanas.  They  are  almo^st  entirely  independent  of  the  Emperor  of  Morocco, 
the  small  yearly  tribute  paid  to  inm  being  ottered  rather  to  the  head  ot  their  church 
than  to  their  Emperor.  The  greater  part  of  them  are  robbers  and  pirates ;  and,  in- 
deed, in  the  late  war,  when  posteJ  in  the  town  of  Tetuan  for  its  defence,  they 
exercised  their  native  calling  with  a  zeal  and  cruelty  which  considerably  acoelented 
the  surrender  of  the  place. 

The      raee.   These  tribes  approadi  the  Negro  type  in  respect  of  complexion 

*  During  his  stay  in  the  country  Mr.  Edward  SchUgintweit  took  many  Aicial  and  crimial 
eesis,  besides  making  namevons  detsUed  aesioremeats, 
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and  general  proportions,  but  their  character  la  better  thau  that  of  the  preceding 
races.  They  mre  very  active  both  in  trade  and  agricultnre,  and  evince  great  dexterity 

iT^  Xhr  rrinniifactun-  nrrl  use  nf  arms.    Theif  dependence  Upon  the  Enperor  IS  of  tM 

same  nature  as  that  of  the  Riffen. 


Geography  of     North  AUanUe  IklegraplL 
By  Colonel  Tal.  P.  SHAm£R»  if  the  Untied  Stakt.  ' 

The  Route — Lands  and  Seas. — The  route  of  the  tdegraph  as  Irom  Scothuid  vid 
Faroe  Isles,  Iceland,  Greenland,  nnd  Labrador^  to  Quebec^  there  contiectiog  with 
other  lines  to  different  parts  of  America. 

Hie  eea  aections  of  die  proposed  telegraphic  roQte  arc  as  well  known  to  nautical 
geographers,  excepting,  perhaps,  the  pUces  sounded  by  the  Telegraphic  Expedition 
last  autumn  (1859)  between  Labrador  and  GreenlancJ,  and  between  Greenland  and 
Iceland.  The  bottoms  of  those  seas  were  found  to  be  deep  mud,  and  arable  once  laid 
thereon  will  lie  nndistorbed  for  all  time.  Icebergs  float,  and  there  is  no  part  of  the 
Bca  in  which  the  cables  will  be  laid  where  the  bergs  will  reach  the  bottom.  Arctic 
navigators,  with  whom  the  author  has  had  the  pleasure  of  conversing  since  bis  arrival 
frum  the  voyage  of  last  autumn,  agree  that  it  the  cable  can  be  carried  into  deep 
fiords  on  the  respective  coasts,  there  will  be  no  danger  of  intenrnptiona  firom  icebergs. 
The  author  has  seen  such  fiords  on  the  coaita  of  Labrador  and  Greenland*  wul 
therefore  i\ yards  the  problem  as  solved. 

The  iand  sections  arc  not  of  serious  importance.  A  telegra|>h  line  can  be  cop* 
atructed  on  land  wherever  the  foot  of  man  can  be  placed.  Lines  have  been  boilt 
ovt  r  liills  and  valleys  where  neither  waggon  nor  beast  cuuld  go,  and  thcEC  regioDS 
were  in  the  great  Mississippi  valley,  a  country  having  great  variety  of  soils  suiiace, 
and  climate. 

FbHh  Isles.— The  cable  will  be  landed  at  Thorshaveo,  the  capital  of  the  Farik 
•roup,  and  from  thence  a  fc%v  miles  by  land  to  Westrrman*?  Iiavcn.  'Hil  island  is 
nilly,  the  roads  inferior;  there  is  but  little  cultivation  ;  pasturage  good  ;  the  peo|>l« 
intellectual;  religion  Lutheran  i  it  sends  one  member  to  the  Dauiah  Parliament i  it 
baa  a  governor,  ueriffs,  and  other  officers  of  state :  the  climate  is  abont  the  sanwae 
Copenhagen,  more  mild  than  Stockholm,  Quebec,  Montreal,  or  Boston. 

Iceland  will  be  traversed  by  the  line  from  Berufiord  or  Portland  to  Reiluavik. 
The  people  are  highly  educated,  and  a  considerable  trade  is  carried  on  between  then 
and  the  Europeans.  The  FVendi  have  aome  130  veasels  fishing  m  the  south  coast. 
They  have  free  trade  with  forf  if::n  countries,  and  all  the  fisheries  arc  free.  The  in- 
habitants are  industrious  and  religious,  and  have  their  own  local  Parliament.  The 
country  is  partially  cultivated,  hot  much  of  the  island  is  covered  wiUi  lava.  The 
climate  is  moderate ;  the  ice  never  interrupting  navigation  on  the  south  and  west 
coasts.  There  will  be  no  difficulty  whatever  in  runnintr  the  telegraph  across  Iceland. 

Lttbrador.^The  cable  will  be  landed  in  iiamiiton  inlet,  lat.  54*^  N.  The 
line  will  ^en  be  ran  either  to  the  Gnlf  or  to  the  Rivir  St  Lawrence.  Thia  coontiy 
Is  roiling  or  hilly,  and  covered  with  timber,  principally  pine,  spru(%,  and  juniper* 
The  trees  are  large,  many  being  15  or  20  inches  in  diameter  at  the  base.  There  is 
much  grass  where  the  country  is  open.  Turnips,  potatoes,  and  other  v^etables  ore 
cultivated  to  a  limited  extent,  toe  inhabitanta  are  moatly  Eequimaox.  They  are 
civilized,  under  the  teachings  of  the  Moravian  missionaries.  There  is  a  station  of 
the  Hudson's  Bay  Company  on  Hamilton  Inlet,  about  50  mi!cs  from  the  sea.  The 
a>ast  is  hilly  and  barren.  Fishermen  from  X^ewfoundlauU  are  scattered  along  the 
coaat»  and  many  are  employed  in  Hamilton  Inlet.  Itie  cod  and  herring  fisherice 
'lue  the  most  profitable.  The  country  is  not  much  settled.  Tliere  wiU  be  difficulties 
to  be  met  in  the  construction  of  the  line,  nnd  maintaining  it  across  Labrador;  but 
these  difficulties  will  not  be  so  great  as  those  which  have  been  overcome  in  other 
countries ;  for  aample,  in  Newfoundland,  and  the  Southern  and  Western  States  of 
America.  The  line  across  Newfoundland  traverses  marshy  and  uninhabited  regions, 
wholly  unknown  to  the  world  until  a  few  years  ago*  when  it  was  explored  for  the 
telegraph. 

mmloml.— The  section  of  the  route  the  least  known  is  Greenland;  w 
although  that  part  of  the  country  proposed  to  I  c  traversed  is  not  so  cold  as  the 
climate  of  St«  Petersburgh,  a  city  of  aome  700,000  inhabiunty  yet  there  prevail! 
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the  most  erroneous  impressions  in  r^ard  to  the  temperature  of  that  mterettiog  and 
woBderflil  eonotry.  WhtUier  it  is  a  eontineiit,  or  naroerons  istandt  fottending  to  tha 
North  Pola»  is  a  problem  yet  to  be  solved.   In  the  southern  portion  we  find  green 

valleys,  covered  with  gra*8  and  vegetation,  surrounded  with  mountains  towerinf^  into 
the  heavens ;  and  these  in  the  morning  are  covered  with  white  glittering  snow,  which 
with  the  mid-day  sun  dieappean,  leaving  exposed  their  blackened  minarets  and  spires^ 
The  Bcenery  is  grand  and  picturesque. 

The  con^t?  of  Greenlfind  are  barren  hills  and  mountains.  Along  the  shore  are 
many  islands.  The  fiords  penetrate  to  the  interior  10*  20,  or  30  nuUes.  Some  of 
these  bring  oat  ice,  others  no  not.  Into  one  of  the  4orda  which  are  flree  of  iee  will 
be  carried  th»  td^raph  cable,  as  indicated  in  the  map.  The  urater  is  very  deen,  and 
no  iceberg  can  reach  the  bottom,  or  go  far  tip  their  meanderings  to  their  heads. 
They  do  not  freeze,  except  in  narrow  places,  where  there  is  still  water.  A  cable  can 
be  easily  laid  from  tiie  sea  into  one  of  these  fiords«  and  when  brought  to  land  it  can 
be  well  secured  against  native  ice,  as  is  the  case  at  many  places  in  Ameriea*  and  on 
the  belt?  and  sound  of  the  Baltic  Sea. 

The  exact  locality  where  the  line  is  to  cross  Greenland  has  not  been  determmed^ 
but  it  will  be  in  Ae  southern  portion,  not  60  miles  north  of  Cape  Farewell.  The 
particular  kind  of  surface  to  be  travenMd—wheUier  green  valleys,  or  mountain  ranges 
— is  not  fully  known,  but  in  either  case  no  insuperable  difficulties  can  be  foreseen. 
What  it  is  in  the  interior,  or  whether  there  be  ice  there  or  not,  no  one  knows. 
Col.  8.  Ibnnd  atluvial  soil  on  the  ice  several  miles  distant  from  the  sea,  and  it  nay 
have  been  blown  therefiroi  i  the  mterior.  Some  1 2,000  deer  are  killed  in  the  Holsttn* 
berg  di'^trict  every  vear.    They  disappear  in  winter.    Whither  do  they  go  ? 

The  ice  travelled  over  by  Colonel  Shalfner  was  solid  freshwater  ice.  The  snow 
lUls  in  small  quantities.  On  the  plateau  some  considerable  edilections  of  water  were 
seen.  There  were  many  deep  crevices.  The  thickness  of  the  ice  no  one  has  been 
able  to  determine.  The  author  dors  not  believe  it  entirrlv  rests  upon  tht'  earth,  hut 
it  forma  bridges,  and  perhaps  where  he  went  it  was  4000  feet  above  the  level  of  the 
sea  t  or  perhaps  there  was  a  cavern  beneatli.  1000  feet  between  the  ice  and  the  earth, 
exceeding  in  grandeur  the  great  Mammoth  Cave  of  America,  with  Its  SOO  subterranean 
avenues.  Thi?  may  seem  most  wonderful,  but  he  had  many  reasons  for  believing 
that  it  was  possible.  He  had  been  in  some  of  the  caverns,  and  heard  a  waterfall 
resembling  the  rushing  of  a  river  over  rocks.  The  bergs  from  the  fiord  blinks,  he 
noticed  were  dear  and  clean  ice ;  no  gravel  or  earth  eitnsr  In  or  on  them,  excefitlnff 
those  that  were  near  the  shore.  If  the  ice  were  upon  the  earth  in  the  interior,  we 
might  expect  to  find  some  earth  in  the  bergs,  lie  has  seen  boulders  on  bergs,  but 
|hey  came  from  the  glaciers  of  the  north,  or  from  the  sides  of  the  blinks  crushing 
against  the  monataias  as  the  ice  moved  from  the  interior.  The  inhsbitants  are  Danes 
and  Esquimaux.  The  Julianahnab  District  is  the  most  southern  in  Grei  niand,  and 
has  about  2600  Esquimaux.  They  are  all  civilized,  and  mostly  members  of  the 
Lutheran  Church.  There  are  a  few  Moravisns.  The  diildren  are  baptized,  and  at 
fourteen  years  old  confirmed.  They  have  churches  and  sdiools*  and  they  preach, 
sing,  and  pray.    In  the  principal  churches  they  have  organs  and  some  fine  painting'?. 

The  town  of  Julianahaab  has  about  300  inhabitants.  The  people  received  the 
visit  of  the  party  last  autumn  with  much  joy.  The  houses  were  stone  and  frame, 
and  covered  with  slate.  It  is  not  cold  enough  for  double  windows.  They  had  eowa 
and  sheep.  The  Esquimaux  lived  in  stone  huts  covered  with  earth,  fully  as  com- 
fortable as  many  log  cabins  that  Colonel  Shafiher  has  lived  in  when  in  the  western 
forests  of  America. 

The  Esquimaux  are  honest  and  good-hearted.  Hey  never  steal  unless  on  tha 

verge  of  starvation.  The  men  treat  their  wives  ""tcII.  The  children  are  never 
whipped.  Peace,  love,  and  domestic  happmess  seem  to  be  more  common  to  them 
than  to  the  more  civilized  races.  It  will  not  be  difficult  to  iiuvc  a  telegraph  line 
rowntained  in  Greenland,  with  the  aid  of  such  people ;  and,  in  fact,  a  telegraph 
line  can  be  constructrd  across  the  hi!I=:,  the  valley?,  and  th.e  finrds  of  Greenland,  and 
it  can  be  maintairu  cl  tlKTeafter  v.'ith  much  niorr  laciUty  atid  cerUunty  than  has  been 
done  across  the  plains  oi  iiussia,  the  mouataius  of  Norway,  the  swamps  ot  New- 
fou nd land,  !)ia  Inundated  lands  of  the  MisstsslppU  the  uninhabited  forests  of  Americay 
or  the  Alpine  nnges  of  Europe.   
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Oh  the  Lost  Polar  Expedition  and  Possihlr  Recovery  of  it$  ScientifiG 

Documents,    By  Captain  Pauker  Snow. 

Capt&ia  Parker  Saow,  iu  addressing  the  uudieuce  upon  the  subject  of  bis  pftper* 
tteted  that  the  great  object  he  had  in  view  was  to  keep  before  the  pablie  the  fact 
that  we  had  not  yet  done  all  that  might  be  done  as  regarded  the  Icwt  polar  expedi- 
tion. ']  hu  e  who  went  out  in  lhat  expedition  ought,  none  of  iheni,  ever  to  be  for- 
gotten ;  aud  it  was  our  duty  to  persevere  in  ascertaiuing  their  real  fate  until  posi- 
tive evidence  came  forwixd  coneeniing  it.  Thia  evidence,  he  Mecrted»  had  not  yet 
been  found ;  and  bewae  prepued  to  ahow  that  more  ooold  be  obtained  if  right  men- 

sures  were  taken. 

He  then  coiuineoced  bis  arguintiila  by  giving  au  anuiysis  of  Franklin's  instruc- 
tions* and  pointed  oot  how  certainly  numeroiu  scientific  observations  of  great  valoe 

mast  have  been  made  by  the  odicers  in  that  expedition.  He  enumerated  the  diffier- 
ent  searcbiog  expeditions,  anfl  %vith  ranch  pleasure  (!vvelt  upon  the  exertions  made 
by  the  several  leaders  and  subordinates  engaged  upon  this  work,  many  of  whom  he 
iiaroed.  He  neit  pointed  out  Dr.  Rae's  discoveries,  and  then  those  of  the '  Fot' 
under  the  present  Sir  Leopold  M'Clintock,  doing  full  justice  to  one  and  ail.  After 
this,  he  dissected  the  whole  ioformation  that  hod  been  obtained  by  making  the  fol* 
lowing  remarks 

"  nrst  of  all,''  said  he»  ''what  do  we  know  for  a  ceride/y  concerning  the  lost 

expedition?  Why  this:  105  |)ersons  landed  at  Point  Victory  in  April  1848*  and 
Captain  Crozier  (one  of  their  chief-*)  caid  that  or  thoy,  or  sofne  of  them,  were  going 
to  start  on  the  26tb  for  Back's  k'l^ii  ivuer.  They  do  not  say  a  word  about  being  in 
want  of  assistance,  nor  yet  thtt  they  ere  snffering.  They  have  abandoned  their 
ships  and  are  going  soQtbward,  even  as  Captain  M'Clnre  had  intended  to  do  with  a 
part  of  his  crew. 

"  This  is  all  we  positively  know  from  any  written  evidence.  What  else  we  know 
it  from  other  testimony.  It  is  as  iblbws Three  skeletons — perhaps  belonging  to 
the  105,  perhaps  not — have  been  found ;  also  a  boat.  Forty  of  our  countrymsa 
were  seen  by  tho  natives  in  the  spring  of  1850  walking  to  the  Fish  River,  where, 
later  in  the  year,  it  is  said  tliat  some  of  them  died,  t  races  of  others  have  been 
foond  part  of  the  way  up  the  Fish  River,  and  along  the  Boothian  Isthmos,  the  coasts 
of  Boothia,  and  King  William  Island.  Rumours  of  white  men,  going  westward 
along  the  coast  of  America,  have  been  heard  for  several  years  pa^t.  To  Cape  War- 
ieo«  the  Peel  River,  the  i'^isb  River,  and,  about  the  Melville  Fenmiiula,  strange  tales 
attach  great  interest.  These  places  have  yet  to  be  searched,  and  the  mystery  cob* 
nected  with  them  examined. 

"Such  is  what  we  know.  Now  what  is  it  we  suppose?  Briefly  thi^  : — From 
April  1S48  to  the  spring  of  1850  is  two  years.  Clearly  the  partv  must  have  been 
wandering  aboat  during  that  interval.  What  so  likely  as  that,  in  the  summer  of 
1848,  they  found  open  water  for  their  boats,  and  went  away  to  the  westward  (or  at 
all  events  one  party  <1i<l),  and  tried  to  reach  the  Mackenzie  or  Peel  River.  Some  may 
have  perished,  some  have  gone  another  way  than  by  the  coast  (possibly  by  a  direct 
channel  yet  undiscovered  by  us),  and  finally,  being  uosoccessful  In  their  western 
route,  they  return  to  the  eastward  for  Fish  River,  and  perhaps  a  few  of  them  to- 
wards Lancaster  Sound,  or  the  channels  leadintr  into  Baffin  Bay;  in  fac^  to  any 
place,  where  a  hope  of  relief,  and  where  good  huating  would  be  presented. 

"This  hypothesis  would  eiplain  away  the  lapse  of  time,  and  account  for  only 
/•riy  being  seen  by  the  natives  in  1850,  It  is  further  strengthened  by  otiker  cireum* 
stances  founded  on  negative  farts. 

"  They  did  not  take  away  any  of  the  Fury  Beach  stores,  though  well  known  to 
Aem  as  existing  at  only  about  200  miles'  distance:  they  did  not  send  information 
of  distress  through  the  Esquimaux  or  Indians,  as  we  now  know  could  have  been  done, 
even  as  Capt.iid  Collinson  and  Captain  Maguire  sent  notices  of  relief :  they  did  not 
say  a  word  about  being  starving  or  in  want  of  immediate  aid ;  and  many  other 
things  they  did  not  do,  which  we  should  expect  would  have  been  done,  in  case  of 
great  distress.  Hence  wc  may  infer  that  in  April  1848  they  were  not  so  badly  off 
a?  is  supposed.  Had  they  been  so,  why  did  they  not  v!<it  the  Fury  Beach  stores 
and  get  relief  i  Those  stores  ore  even  now  in  excellent  order,  as  may  be  Known  from 
Captain  M 'Cliatock'i  published  JonmaL  Tat  we  find  them  unused*  at  all  events 
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for  any  large  anp|>ly»  tboogh  it  is  powible  they  nay  have  been  visited  by  a  few  of 

the  lost  party. 

"  Remarks  have  been  made  about  the  Franklin  Expedition  suffering  from  Goldner's 
provisions.  But,  independent  of  all  other  argument  on  this  point,  there  is  one  fact  to 
be  got  over,  before  we  can  agree  to  such  an  idea  ; — the  ships  wintered  at  the  threshold 
of  tbrir  explorations,  yet  afterwards  went  onward  into  unknown  rcj^tonj  instead  of 
jreturning,  as  wisdom  would  have  dictated,  on  finding  their  stores  defective! 

"  Another  fact  to  be  well  considered  is,  that  close  attention  to  all  the  information 
obtained  from  the  natives,  leads  to  a  belief  that  tli<  actual  ground  where  the  whole 
truth  could  hd  known  ha?  rot  yet  brrn  examined.  The  natives  told  Captain  M'Clin- 
tock  that  the  white  people  had  £ooe  to  a  place  uhere  there  was  plefttj/  qf  ialmon* 
Now  we  know  the  lakes  of  Sootn  Boothia  abound  in  salmon. 

'  *'  Again,  the  Esquimaux  referred  to  parts  known  by  certain  names;  as,  for  Instance^ 
Anutolcp,  N'UchUlet,  and  AkkfiHcp.  These  parts,  however,  were  not  visited  by  our 
late  explorers,  perhaps  from  not  knowing  where  they  were.  But  a  careful  reading 
ct  tlie  various  Arctic  Voyages  of  Pvnf,  Ross,  Simpson,  and  Back,  wodid  have 
shown  that  the  places  named,  all  eiist  about  the  Boothian  Isthmus  southward ;  and 
it  is  there,  and  in  adjoining  localities,  we  find  all  the  plate  and  other  articles  in  pos- 
sessioQ  of  the  natives. 

"  More  tupaumt  conid  be  brought  forward ;  but  it  is  enough  to  call  attentkm  to 
one  other  important  fact,  viz.  that  Ross  and  his  smalt  crew,  after  being  frozen  in 
for  three  years,  managed  to  escape  from  a  position  almost  identical  with  that  of 
Fraoklin's  ships,  and  then  get  home  by  way  of  I^ncastcr  Sound, 

"That  we  have  no  traces  of  ihe  Franklin  crews  attempting  the  same  thing  is  very 
nngular.  We  must  therefore  infer  either  that  they  were  not  in  absolute  distress, 
or  ei«<e  that  one  party  did  visit  Fnry  Beach  without  hping  able  to  leave  a  notice.  I'e 
it  as  it  may,  assuredly  the  Expedition  would  never  have  abandoned  their  journals 
and  other  documents,  without  first  placing  them  in  some  sOrt  of  security.  When 
Ross  escaped  he  carried  even  minerals  with  him  !  These  with  other  things  he  had  to 
abandon  ;  but  be  drpopited  them  in  a  secure  place,  and  they  wero  f^frcrwards  brought 
bon^e  to  Eogiand  in  a  whaling  ship  sent  expressly  to  the  locality  lor  them.  Can  we 
suppose  that  the  officers  and  crew  of  a  national  expedition  like  Franklin's^«nd  withal 
a  scientific  one — would  not  take  equal  care  to  preserve  the  records  of  their  labours? 
The  qupstion  nccd=!  no  answer.  Tticrc  cnn  be  little  doubt  about  it  in  thp  minds  of  all 
impartial  persons ;  and  it  only  re4uut5  a  good  summer  search  to  know  the  truth." 

Captain  Soow  tben  brought  forward  evidence  to  show  that  life  could  be  prolonged 
in  the  arctic  regions,  and  that  the  place  was  not  so  destitute  a?  generally  supposed. 
Sir  R.  Murchison  himself  had  given  good  reasons  in  bU|jport  of  this  view  ;  nnd 
Lord  Wrottesley,  Barun  von  Humboldt,  Sir  Francis  Beaufort  and  others  had  cx« 
pressed  something  similar.  The  burial  of  the  dead,  too,  was  another  thing  not  to  be 
forgotten.  Three  sailors  were  buried  suitably  on  shore,  therefore  it  is  almost  certain 
Sir  John  Franklin  would  have  been  interred  in  like  manner;  and  as  the  Esquimaux 
are  very  superstitious  concerning  the  dead,  it  is  possible  important  records  can  be 
found  Dear  the  locality  where  the  illustrious  chief  is  known  to  have  died. 

Other  arguments  were  brought  forward  by  Captain  Snow,  who  staled  that  he  had 
a  committee  formed  of  well-known  names  to  aid  him  in  a  renewed  search  he  was 
prepared  to  make  in  a  small  vessel  of  from  T5  to  100  tons  if  sufficient  means  could 
be  rmsed.  A  brave  American  (Mr.  Hall)  was  already  on  hia  way  there  to  try  and  do 
the  work  ;  and  it  was  for  our  credit  and  honour  that  another  attempt  shmilrl  tic  made 
by  our  own  flag  to  complete  that  which  comparatively  could  now  be  easily  done. 

On  the  Piaptmd  Commm^eaiim  htiwem  1A0  AdanUe  and  Pdafic,  vi& 
JBriiiMh  NoHh  Amtnea,  By  Caplato  M.  H.  Syngb*  BJB, 

On  ihe  Geographical  JJislnlmtion  of  Plants  in  Asia  Minor* 

Pierre  de  Tchihatcuef. 

bntl^  Exctnaiiom  on  the  Site  o/ihe  Hamm  Citjf  Wroxtkr. 

By  Thomas  Wright,  P.SJL* 
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STATISTICAL  SCIENCE. 

Cpening  Addrm  ly  Namav  W.  SiVfOR,  M.An  PlrmidmU  ^lie  Stiikm. 

In  186G  the  General  Committee  of  the  Britidi  Anooistioii  decided  that  the  Seetum 
over  which  I  have  the  honour  to  fiMo  ahooldbe  entided  "  The  Section  of  Eoono- 

mic  Science  and  Statistics." 

I  have  looked  through  the  papers  which  since  that  time  have  been  commu- 
nicated to  U8,  and  I  have  been  enmck  by  the  unacientific  character  of  many  of  then. 
■  I  nae  that  word  not  dyslogistically  but  morolv  distinctivingly,  merely  fu«  ox- 
nwssincr  that  tlie  writers  had  wandered  from  the  domain  of  science  into  that  of  art 

I  need  icarcely  remind  you  that  a  Science  is  a  statement  of  existing  facts,  an 
Alt  a  statomoBt  of  the  means  by  which  Aitnie  facts  may  be  brought  about  or  in- 
Huenced.  A  Science  deals  in  promises,  an  Art  in  conclusions.  A  Scienco  aims 
only  at  suppling  materials  for  the  memory  and  the  judgment  It  does  not  pre- 
auppoae  any  purpose  beyond  the  acquisition  of  knowledge.  All  Alt  li  intended  to 
influenoe  m  "mSkt  it  preeupposes  some  object  to  attained,  and  it  polnta  oat 
the  easiest,  the  safest,  or  the  most  effectual  conduct  for  that  purpose. 

The  subjects  to  which  the  British  Association  has  directed  our  attention  aro 
Economic  Science,  and  Statistics.  «  ,        #  t>  v.-  i 

Eeononde Science,  or,  to  use  a  more  familiar  name,  "The  Science  of  Political 
Economy  "  may  bo  defined  as  "  The  Science  which  states  the  laws  regulating  the 
production  and  distribution  of  wealth,  so  fiar  as  they  depend  on  the  action  of  the 

hmnau  mind."  _       .       ,        .       -      i  •  i •      j  x 

I  aay  "  so  far  as  they  depend  on  the  action  of  the  human  niind/  in  order  to 
mark  to  which  of  the  two  great  genem  of  sciences,  the  Material,  or,  as  thev  are 
usually  called,  the  Physical,  and  the  Mental,  or,  as  they  aro  frequently  called,  tho 
Moral,  sciences,  PoUtfcal  Economy  belon|^. 

Unmieilionably  the  political  economist  has  much  to  do  with  matter,  ihe 
phenomena  attending  tho  production  of  material  wealth  occupya  great  part  of  hie 
attention ;  and  these  depend  mainly  on  the  laws  of  matter.  The  efficacy  of  ma- 
ehineiT,  the  diminishing  productiveness,  under  certain  circumstances,  of  succesaiTo 
annlicMionB  of  capital  to  land,  and  the  fecundity  and  lon^e\-it^-  of  the  human 
species,  are  all  important  premises  in  political  oconom;^,  and  are  all  laws  of  matter. 
But  the  political  economist  dwella  on  Ihem  only  with  reference  to  tiie  mentid 
phenome^  wliich  they  sen  o  to  eicplain ;  he  considers  them  as  among  the  motives 
to  the  accumulation  of"^ capital,  as  among  the  sources  of  rent,  n<  nmonij  the  regulators 
of  profit,  and  as  among  the  causes  which  promote  or  retard  the  pressure  of  popula- 
tion on  subsistence.    xt.     t.    •   i  v  j-  n 

If  the  main  subject  of  his  studies  were  the  physical  phenomena  attendinp:  the 
production  of  wealth,  a  svstera  of  political  economy  must  contain  a  treatise  on  me- 
chanics, on  navigation,  on  agriculture,  on  chemistry— in  fact,  on  the  subjects  of 
almost  all  the  physical  sciences  and  arte,  for  there  are  few  of  those  arts  or  sciences 
which  aie  not  subservient  to  wealth.  All  those  detnil>,  howoror,  the  political 
economist  avoids,  or  uses  a  few  of  them  sparingly  for  the  nurpose  of  illustration. 
Ho  does  not  attempt  to  state  the  mechanical  and  chcmicsl  laws  which  enable  tho 
steam-engine  to  perftmn  ite  miracles— he  passes  them  by  as  laws  of  matter ;  but 
he  explauis,  as  mlly  as  his  knowledge  will  allow,  the  motives  which  induce  the 
mechfmist  to  erect  the  steam-enpnc,  and  the  labourer  to  work  it  And  these  are 
laws  of  mind.  He  leaves  to  the  geologist  to  explain  the  laws  of  matter  which 
oeCiSion  the  ftmnalion  of  coal,  to  the  chemist  to  distmguish  its  component  elements, 
to  the  engineer  to  state  the  moans  by  which  it  is  extract<»d,  nnd  to  the  teachei-s  of 
many  hundred  different  arts  to  poiiit  out  the  uses  to  which  it  mav  be  applied. 
What  he  reserves  to  himself  is,  to  explain  the  laws  of  mind  under  which  the  owner 
of  the  sral  allows  his  pastures  to  be  laid  waste,  and  the  minerals  wliich  thej;  coyer 
to  be  abstrarted  ;  under  which  the  capitalii^t  employs,  in  sinking  shafts  and  piercing 
jrallerie*'  fimds  which  might  be  devoted  to  his  own  immediate  enjoyment ;  under 
which  the  miner  encountowthetoitoandthedan^rs  of  hishazarfodam^ 
occupation;  and  tho  kw%  also  lafm  of  mbd,  wUoh  doeidam  what  ptoportiona  the 
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produce,  or  thn  val  ir  nf  the  produce, ia divided  between  tlie  three  rlnnnon  bjidioM 
doucurrence  it  bos  been  obtained. 

'  When  he  ttaee  as  his  prcniuicd;  as  he  often  most  do,  fSMsts  supplied  by  physical 
science,  he  does  not  attempt  to  account  for  them  ;  ho  is  sati^^  with  stating  their 
existence.  If  he  has  to  prove  it,  he  looks  for  his  proofs,  so  far  as  he  can,  in  the 
human  mind.  Thus  the  economist  need  not  explain  why  it  is  that  labour  cannot 
be  applied  to  a  ffiven  extent  of  land  to  an  indeflinite  amoitttt  with  a  piopoitionate 
return.  He  has  done  enough  when  ho  hm  proved  that  mch  h  the  feet;  and  he  proves 
thi"  hv  showin<r.  on  the  principles  of  human  nature,  that,  if  it  were  otherwise,  no 
land  exeunt  that  which  is  most  fertile,  and  best  situated,  would  be  cultivated.  All 
tibe  teehmewl  terms,  therefore,  of  political  economy,  represent  either  purely  mental 
ideas,  such  nn  demand,  uidiit/,  i-nhte,  nrid  ahHtifwyice,  or  objects  which,  though  some 
of  them  may  bo  material,  are  considered  by  the  political  economi3t  so  far  onl^-  m 
they  arc  the  rcaulta  or  the  cause?  of  certain  affections  of  the  human  mind,  sucli  as 
toeaUhf  eapUalf  rentj  toaffes,  and  pro/lU. 

Tho  fluoject  TTiattrr  nf  pnlitienl  er''>Tiomy  is,  I  repeat,  wealth.  The  political 
ecouomist,  as  such,  has  nothing  to  do  with  any  of  the  other  physical  or  moral 
sciences,  or  with  any  of  the  physical  or  moral  arts,  excepting  so  far  as  they  affect  the 
paoduction  or  distnontion  of  wealth.  Whether  wealth  be  a  good  or  an  ovtI,  whe- 
ther it  bo  conducive  to  human  morality  or  to  human  happiness,  that  it  bo  hnarded 
or  that  it  be  consumed,  that  it  be  accumulated  in  masses,  or  that  it  be  generally 
dHRiaedy  are  qneationa  ImijodA  bla  aoknoa  Wb  bmhieaa  is  to  atate  wlun  aw  llie 
effocta  oil  the  production  and  distribution  of  wealth,  or,  to  use  a  shorter  expreesion^ 
the  economic  effects,  of  accumulation  and  of  expenditure,  of  the  diJ!**  rent  kinds  of  con- 
sumpdon,  and  of  the  aggregation  in  a  few  hands,  or  the  division  among  maoyi  of  the 
tihinga  of  wlueh  wealtd  oonriafea.  Whenever  ne  gives  a  precept,  whenereir  h»  ad- 
vises his  reader  to  do  any  thin^,  or  t<>  abstiiin  frum  doinrf  an^vthinp,  he  wanders 
fum.  science  into  art,  generally  into  the  art  of  xnoralityi  or  the  art  of  government, 

The  science  of  statLstica  is  far  wider  to  its  subject  mnttrr.  It  npplirg  to  all 
phenomena  whieii  can  be  counted  and  recorded.  It  deals  equally  with  matter  and 
with  mind.  Perhauu  thu  most  remarkable  results  of  the  statistician's  labours  are 
thoae  whieh  show  that  the  human  will  obeya  laws  noarijaaoertain  as  fhoaa  whleh 

repriilatc  matter. 

There  are  coiintrie^s  in  which  we  find  year  after  year  tho  same  number  of  marriages 
at  the  same  ages  and  in  the  same  proportion  to  the  popolatioiL  the  same  number 
of  children  to  a  marriage,  the  same  number  of  bankmptcieay  and  tha  aama  nmniber 
of  crimes  and  suicides,  committed  at  tlie  sinme  npef«,  and  by  each  in  permanent 
proportions }  in  which  the  average  height,  the  average  weight,  the  average  con- 
sumption and  production  of  oommoditiee,  and  the  avemge  longevity,  of  men  and  of 
women,  continue  for  long  periods  unaltered. 

T1i«'re  are  others  in  which  the  number  or  the  prf>]>or<ion  of  these  events  varies; 
iu  which  marriages,  births^  deaths,  crimes,  consumption  and  production,  and  even 
the  average  stature  are  different  at  di^ent  periods.  This  uniformity,  or  tliese 
differences,  are  !  (  <  ted  by  the  statist  irian,  IIis  task  is  over  when  he  hns  stated  and 
recorded  them.  It  is  the  bu^ness  ol'  the  legislator  to  draw  from  the  tigun-s  of  tho 
statistician, practical  infereucus.  To  atK.>ertaLa  the  c ire luaa lances,  moral,  cummercial, 
or  poUtieal,  under  which  tho  tribute  paid  by  his  countr}'men  to  insolveni^,  crime, 
sickness  and  death,  ha^  been  increased,  has  been  diminiBhed,  or  has  remained 
stationary' — these  circumstances  will  often  appear  to  be  under  control,  and  by 
watching  the  statistical  results  of  every  attempt  to  control  them,  he  will  ascertain 
whi  ther  they  are  under  control  or  not. 

Wo  have  been  told  that  a  ^tate.tnuin  reads  his  histoiy  in  a  nation't  ayai*" 
1  should  rather  sav  that  he  reads  it  in  a  nation's  figures,  . 

But  it  is  not  only  to  the  atateaman  that  statistics  are  useful,  many  of  the  mot^ 
important  and  most  useful emplovmcnts  of  capital  deuend  on  them.  Vit^il  statistipt 
are  the  base  of  life  insurance.  They  decide  tho  value  of  annuitiee,  of  life  estates, 
and  of  reversions.  Ereiv  man  iu  the  management  of  his  property  has  to  consult 
them.  The  atatiatica  of  firea  regulate  fire  insurance,  those  of  wreoka  regulate 
maniia  iiwiiaiiGa,  YHmeytit  tho  auceoM  or  Mbm  of  «a  mdwtihing  dapcw  ^ 
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tiie  calculation  of  chances,  and  whererer  the  errata  aubjeet  to  thoM  duoieaa  bacm 
h&BHk  obaenred  and  recorded  in  numbers  sufficient  to  affinrd  an  avera^  the  pvndcDoe 
or  impmdpnce  of  the  undertaking  depends  on  ihnf  fivfrnir**.  To  f^rrr  t}iat  arerage 
ia  the  bufiine£8  of  the  statiaticiaD.  To  act  on  it  is  the  business  of  the  speculator.  If 
In  London  one  honm  in  two  thousand  were  bumt  dofwn  e\erj  year,  notlung  wnaU 
be  gained  or  lost  hv  ueuring  housea  in  London  at  a  ahilling  per  cent,  per  annum. 
If  one  in  n  tlioueana  were  burnt  down,  such  insurance  woulc^  rninoiL".  If  onlr  one 
in  tliree  thousand,  it  would  b«  very  profitable.  But,  I  repeat  that  the  obaervatioDy 
iJie  tecoiding  ana  tlie  anrauipu^  iacts,  whidb  is  the  adoioe  of  atatittiefl^  and  ih& 
Mcertudningy  from,  obaenration  uid  from  consciousness,  the  genenl  laws  which 
rebate  men's  actions  with  respect  to  production  and  exchanpo,  wliirh  t}ie 
acience  of  political  economy,  are  distinct  from  the  arts  to  which  those  sciencos  are 
Buibeervienl.  We  oeaae  to  be  ecientifio  aa  soon  ae  we  adriae  or  diasuade^  or  evm 
approve  or  censure. 

1  said,  that  I  had  been  led  into  this  train  of  thought  by  looking  Uironirh  the 
l^^pers  which  have  been  cuimnunicated  to  this  Section  since  1656.  I  find  that  we 
leeuTed  during  that  year  "  Suggestiona  on  the  edneatioa  of  the  people.** 

We  had  a  paper,  "On  the  general  principlef  by  which  Hoformator}'  Schoola 
ought  to  be  refnilntcd."  We  had  aaotber,  **  On  the  importance  of  open  and  public 
Competitive  Eitaminations." 

Jn  1857  we  had  one  on  tiie  prevention  of  crime ;  one  on  the  leaaona  fbv  extending 
linntc  (I  lability  to  joiut^todK  banks ;  and  one  on  the  appientioeefaip  ayatem  in  ie« 
Bj^i  to  freedom  of  labour. 

In  1868  we  had  one  on  the  principle  of  open  competition;  one  on  public  service, 
academic  and  teacher'a  examinations ;  one  on  the  impoctanee  of  a  colonial  penny 
postage  to  the  advancemoit  of  science  and  ctriUtation ;  and  one  on  the  race  and 
Lu^iage  of  the  gypsies. 

If  it  be  said  that  in  all  these  papers,  except  indeed  the  very  last,  there  was  a 
Mlbfenoe  to  atatiatical  facts,  or  to  economic  principles,  and  that  theremrethe^  were 
properly  communicated  to  this  Section,  the  answer  is,  that  thrre  is  no  province  of 
the  great  arts  of  legislation,  of  administration,  of  commeicc,  of  war,  indeed,  of  any 
of  the  arts  which  deal  with  human  feelings,  in  which  frequent  reference  must  not 
be  made  to  political  t-(  r  nomy,  and  occasional  reference  to  statistics.  There  ia 
ecsrcelv  a  moral  art  therefore  of  which  we  phnnld  not  be  aVlc  to  take  cognizance. 

But!  do  not  think  that  such  an  extension  of  our  jurisdiction  would  be  advi- 
eaUe^  I  helieye  that  in  mental,  aa  in  manual  arts,  the  diviaion  of  labour  is  usefuL 
Within  the  atrict  limits  of  economic  science  and  statiatics  a  kuqge  field  is  open  to  us. 
It  appears  to  me  that  we  fhall  do  well,  if,  as  far  as  mav  be  prnctirnblp.  without 
much  inconvenience,  we  confine  ourselves  within  it,  and  deviate  as  little  aa  we  can 
into  the  numenmi  arte  to  which  thcee  edencea  affixd  prineiplea. 


On  ike  Tnt€  PHndplet  qf  an  Jnceflw  Tax. 
By  the  Rev.  J.  Booth,  LLJ)^  FJl,S, 


On  Educational  HeJp  from  the  Goirrhrnent  Grant  to  the  destitute  and  ntff^ 
levied  childrtji  of  Great  Britain,    By  Mary  CAnrENXKR. 

The  educational  movement,  as  such,  is  of  comparatively  recent  date  in  our 
country.  The  importance  of  popular  education  wia  not  graeraUy  acknowledged  in 
England  fifty  years  ago :  but  yet  a.'^  cnrly  ns  in  the  eixteenth  century  there  wero 
distinct  efforts  made  to  give  instruction  to  llie  rtry  poorest,  as  is  proved  by  the  Kin^ 
£dward  and  many  other  endowed  Charit}r  Schools.  These  gradually  became 
employed  by  a  higher  daaa  than  the  chiluen  far  whom  they  were  originally  In* 
tended,  and  a  part  of  ^e  population  were  uncared  for.  In  1781  Koikes  began  the 
first  Sunday  school  for  outctift  children ;  in  1800  Bell  and  Lancaster  began  day 
ecbools,  to  give  graiuU<fua  instruction  to  the  vert/  lowest,  j^ow  the  Sunday  schoorn 
no  longer  leoMve  the  yagrant  children,  and  the  Bell  and  Lancaater  aehoda  haye 
gradoafly  meiged  into  the  National  and  British  pay  schools.  A  large  class  of  the 
pf  ople  are  instructed  by  theee  achools^  bat  thoee  who  moat  need  inatnictionaie  not 
able  to  attend  them. 

At  the  EdiiMlional  Oonftnnce  in  1867,  HJLH.  Miee  Albeit  itatod  Ukai  theca 
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are  2,200,000  t  Lndrpn  in  T^n^'land  and  Wales  nnt  nt  poliool,  wlios*^  nb^f^nct^  cannot 
be  traced  to  any  legitimate  cause.  If  Goverumeut  educational  help  is  given  to 
any  jwrtion  of  the  population,  it  ought,  for  the  good  of  society,  to  be  directed 
tmcmaaiAj  towarda  these.  From  this  oxiedticated  mass  spring  the  pauperism  mid 
ertrir  '^liich  arc  so  ^at  n  iintional  burden.  Union  Inspectors  find  tlio  state  of 
degraded  ignorance  in  which  children  usually  come  to  the  workhouse  indicAtire 
of  the  existence  of  a  laigc  portion  of  the  populatioo  w^ou^ed  hj  existing  ingtUutiotu; 
in  Lirerpool,  out  of  10,836  persona  apprehended  in  0  months,  only  3  per  cent,  could 
read  and  write.  Indmtriid  nnd  JRarfffrd  Schooh  ali>»i»<  liBve  attemptc^d  dl^tiiiftlv  to 
act  on  this  class.  Wherever  they  have  been  tcell  conducted  and  e^eienily  supported 
tiliey  have  completely  efteted  the  oUect  intended,  hot  many  hsve  fttled  from  want 
of  teaching  power,  llie  children  of  this  cl«»i,  in  addition  to  ordinary  instructioiiy 
must  hnve  nnirb  morftl  and  industrial  traininir,  and  whools  capable  of  actinrr  on 
them  must  be  adapted  to  their  wants,  and  of  a  very  dill'erent  character  firom  the 
otdinary  pay  edioola. 

The  Committee  of  Council  on  Education^  in  adminiatering  the  Pnrliamentaiy 
Grflnt,  bftve  adapt<»<l  th«'ir  rcgnilfttions  to  the  pay  schools ;  in  1850,  0222  Certifi- 
cated Teachers  for  them  were  partially  paid,  receiving  jC&if^'28 ;  Assistanta,  £6244; 

Teaefaen,  £S52,660;  thoa  prondin^  n  good  teaching  power  for  9655  aehoola. 
No  teaching  power  (except  a  gratuity  to  certified  masters,  who  very  seldom  are 
atialified  for  such  schools)  and  no  eduattianiU  kdp  is  allowed  to  the  scaoola  for  the 
oestitute  and  neglected  children. 

The  importanee  of  giving  an  effident  teaching  power  to  the  lowest  and  moat 
ignnrant  children  was  acknowledp:ed  by  Parliament  in  1840,  when  an  annual  grant  of 
jt^30,000  was  mod*^  to  teachers  in  union  schools,  ^^dth  a  much  lower  test  than  that 
reouired  for  ccrtihcated  masters.  The  Parliamentary  Committee  of  Inquiry,  in 
16o8|  Into  the  Condition  of  Criminal  and  DeatStute  Jnrenilea,  reported  tlie  "hene- 
ficial  effecta  produced  on  the  inoi>t  destitute  cLissea  "  by  the  "Rapjjrcd  nnd  Industrial 
scbools,  and  their  need  of  help  from  tlie  Educational  Grant  j  that  aid  if  still  re- 
quired, to  carry  out  efficient  action  on  the  destitute  and  neglected  children  of 


On  <Aa  £eimomical  Pesuhs  of  MHitaTy  Drill  in  Popular  Sekeolt* 
By  EowiM  Chadwjck,  Esq^t 


On  tAe  Phytiolvgical  as  veil  as  Psychological  Limits  to  Mental  Labour, 

By  Edwin  Chadwick,  Esq.^  C,B, 

The  business  of  education  ptill  requires  for  ita  .succeasful  prosecution,  ecientificob* 
serration,  and  the  study  of  t  lie  subject  to  he  operated  upon — the  human  mind.  Ereft 
tocmpiriral  ob?civntion,  it  ."liould  hnve  pnpgf  stcd  it.self  that  the  mind  lias  conditions 
of  growth  which  are  req^uirtd  to  be  careluily  noted,  to  adapt  the  amount  of  in- 
stiuction  intended  to  be  given  to  the  power  of  receiving  it.  It  is  apsychulogical  law 
that  the  capacity  of  attention  grows  with  the  body,  and  that  at  all  stages  of  bodily 
growth  tl  i.  capacity  is  increased  by  the  sl(ilful  tcacht  r's  cultivation.  Very  young 
childn  u  can  only  receive  lessons  of  one  or  two  minutes'  lenrth.  With  incn  a^ing 
growth  and  cultivation,  their  capacity  of  attention  is  increasea  to  five  minutes;  then 
to  tan,  and  at  from  five  to  seven  yean  of  age,  to  fifteen  minutes.  With  growth  and 
enltivation,  by  tho.  tt  nth  rcnr  a  bright  voumtary  attention  may  be  got  to  a  lesion 
of  twenty  minutes  j  at  about  tivelve  years  of  age  to  twenty-five  minutes ;  and  from 
thence  to  fifteen  yean  of  a^»  about  half  an  hour:  that  is  to  say,  of  lessons  requiring 
mental  eflbrt,  aa  arithmeue,  not  carried  beyond  the  point  at  which  the  mind  is 
fatigued,  with  the  averacre  of  children  and  with  frooa  teaching.  By  very  skilful 
teaoiers  and  with  vcxy  interesting  lessons,  the  attention  may  be  sustained  for  longer 
periods;  but  it  is  declared  hj-ohservevs  that  prolonged  attention  bejond  average 
Cmita  la  gmerally  at  the  expense  of  succeeding  lessons. 

The  preponderant  testimonv  which  I  Imvo  r»^c<Mvpd  in  the  course  of  some  inquiries 
into  educational  subjects,  is  tbat  %vith  ciiildr<>n  oi  about  the  average  age  of  ten,  or 
eleten,  or  a  little  more,  the  eapacitv  of  bright  Tolimtsry  attention,  which  is  the 
oidy  profitable  attention,  is  exhaustea  by  four  varied  lessonf*  to  subjects  and  exer- 
diM  xcqtuiziDg  mental  effort  of  half  an  lionr  each    the  foxenoon,  eren  with  inter* 
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vals  of  relief.  After  the  mid-day  meal  the  cnpncity  of  TolimtArv-  attontion  U  '^(-n^- 
raUy  redaced  one-hall^  and  not  more  than  two  halt-hour  lesaons  re^uiriug  mcuul 
oflblrt  can  be  given  with  profit. 

The  capacity  of  attentioii  la  found  to  be  greater  in  cold  weather  than  in  holy  In- 
winter  than  in  summer. 

I  collect  that  the  good  ventilation,  lighting,  and  warming  of  a  school-room  will 
augment  tiie  capadty  of  attention  or  the  pupils  by  at  least  one-fifth^  at  compared 
with  tliat  of  the  children  taught  in  school-rooms  of  the  common  construction. 

I  also  collect,  that  the  capacity  of  nttPiiHon  varies  with  bodily  strength  and 
weakueas.  It  is  reported  to  me  that  schoui-bovsi  of  nearly  the  same  age^i  and  con- 
dition^ of  tiie  aame  •chool-xooms,  and  under  toe  same  toitioo,  boing  weighed,  and 
divided  into  two  classes,  the  light  and  the  hoavv,  the  nttainmcntj*,  as  donot^^d  by 
the  number  of  marks  obtained,  wero  found  to  be  the  greatest  with  the  heavies^ 
that  is  to  say,  those  of  the  giealotil  health  and  bodily  strength. 

These  were  chiefly  of  town-bom  children^  of  common  hahits.  The  robuet 
children  of  rural  district?,  of  le.s.s  cultivated  habit'*  of  attention,  nro  foruul  to  be 
slower  in  receiving  ideas;  but  with  cultivation  they  ero  brmtf^lit  \i]>  tn  oqual 
capacities  of  attention,  and  to  greater  retoutiveness  of  thu  luatier  taught,  thau  the 
common  classes  of  town-bom  cnildren. 

There  are  differences  in  thy  capaeitie.«»  of  attention  in  dillerent  races,  or  in  tlm 
habits  of  attention  created  previously  to  the  school-period  by  parents  of  different 
racei*.  The  teacher  of  a  lai-^e  ftcliool  in  Lancashire,  who  had  acted  as  a  echool- 
teachcr  in  the  aouthera  coontiee,  rated  the  capacity  of  attention  of  the  native  l<woa- 
shire  children  a?  5  to  4,  aa  compBied  with  thoae  m  Noifolk.  In  other  ingtaneea  tlin 
differences  were  wider. 

Experienced  teachers  have  testified  to  mo  that  they  can  and  do  exhaust  the 
capacity  of  attention,  to  lessons  refjuiring  mental  effort,  of  the  great  average  of 
children  attending  the  primary  schools  in  Fn inland,  in  less  than  throo  honr^  of 
daily  book  instructioay  namely,  two  hours  in  the  momingi  and  one  hour  after  the 
mid-day  meaL 

Infants  are  kept  in  school,  and  the  teacher  is  occupied  in  amusing  and  instnet- 

ing  them,  for  five  or  six  hours,  but  the  diirntio!i  of  uicnta!  effort  in  the  aggregate 
only  a  short  proportion  to  the  whole  time  during  which  they  are  kept 
together.  So  in  sdioola  fw  children  of  more  advanced  ages.  Even  the  smaller 
amount  of  mental  eff  ort  in  infknt  schools  is,  however,  subject  to  dangerous  excess. 
I  am  assurf  !  In  a  teaclier  in  the  first  infant  school  establi.^hfd  in  Sf-nthui  I,  that  lio 
did  not  know  a  pre-eminently  sharp  child  who  had  in  after  lile  been  mentally 
distanguished. 

In  common  schools,  on  the  small  scal^  liie  chjldsm  will  frequently  be  not  more 
than  one-half  the  time  under  actual  tuition;  and  in  schools  aeemod  ;rnn(l,  iTf't,  n 
one<third  of  their  time  is  wasted  in  changes  of  lessons,  writing,  and  operaiiuua 
which  do  not  exercise,  but  rather  impair  the  receptive  (acuity. 

It  may  be  stated  generally  that  the  psychological  limit  of  the  capacity  of  attention 
and  of  profitable  mental  Inbour  is  about  one-half  the  common  acoool-tuiie  oi 
childreui  and  that  beyond  that  limit  instruction  is  j^rofitless. 

This  I  establish  in  tills  way.  Under  the  Factonea  Act  whilst  much  of  the  in- 
struction is  of  an  inferior  clmnicter  and  eff*ect,  from  the  mistration  of  the  provi- 
sions of  the  orijnnal  bill,  tlien^  are  nfiw  numerous  voluntary  schools,  in  which  the 
instruction  is  cmcieut.  The  limit  of  the  time  of  instruction  required  by  the  statute 
in  theee  half-time  scho(^  for  &ctory  children  is  three  hours  of  daily  school  teaching^ 
the  common  average  bt-ing  six  in  summnr  and  five  in  winter.  There  are  also 
prnni  r  district  industrial  schooLs,  where  the  same  hour^,  three  rlnily,  or  eighteen 
ill  Uic  week,  or  the  half-time  instruction,  luro  prescribed  j  w  hicii  rtj^ulatiou  is  in 
some  instances  carried  out  on  alternate  days  of  aehod  tiaachtng  ana  on  alternate 
daye  of  industriid  occupation.  Thrc n^-liout  tlie  country  there  are  now  mixed  school.-r, 
where  the  girls  are  employed  a  part  of  the  day  in  needlework,  and  part  of  the  dav 
in  book  instructiuu.  2Suw  I  have  received  the  testimony  of  schuul  mi»pectors  and 
of  school  teachers,  that  the  girls  fully  equal  in  book  attslnmenta  the  boys  who  ave 
0CCUj)ied  during  the  wholt!  day  iti  book  iustntetion.  The  preponderant  testimony  is 
that  in  the  same  schools,  where  the  half-time  factory  pupils  are  instructt-d  with  tho 
full-time  day  scholars,  the  book  attaiumeuts  of  the  hau-tuue  echoic  are  fully  equal 
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to  f>i r»=p  of  the  fnll-lime  scholars,  >.  r.  th ihr^e  honrs*  ftro  bs  pnwluctiTe  as  the  fix 
houra'  mental  labour  daily.  The  like  results  are  obtained  in  the  district  pauper 
schools.  In  one  lar^  establishment,  containing  about  six  hundred  children,  half 
ffirliB  aad  ludf  bojs,  the  means  of  inckurtrial  occuimtion  were  rained  for  the  girls 
beforo  nny  were  obtninf'd  fnr  the  hoy^.  The  ^nrls  were  thoreforo  put  upon  hnlf- 
time  tuitioni  that  is  to  say,  their  time  of  book  instruction  was  reduced  from  thirt^> 
■Ix  ham  to  eigliteeD  lioon  per  w»ek,  given  on  tlie  tiiree  alternate  days  of  tlieir 
indostrial  occupation,  the  boys  remaining  at  fUl  achool-timc  of  tlmty-six  per  week 
— the  fofirliinf?  being  the  same,  on  tho  Ramo  system  and  by  the  same  teacners,  the 
aarae  i^chuol  attendance  in  weeks  and  years,  in  both  cases.  On  the  periodical 
ezuninatioii  of  the  achool,  aarprise  waa  expre««ed  by  llie  inspecton  at  Bnaiiig  hvvr 
mQCh  more  alert  mentally  tht^  jrirls  were  than  the  boys,  and  in  advance  in  book  attain- 
ments. Subsequently  industrial  occupation  was  foimd  for  the  boys,  when  their 
time  of  book  instruction  was  reduced  from  thirty-six  hours  a  week  to  eighteen  i  and 
after  a  while  the  boys  were  proved  upon  examination  to  have  obtained  their  previous 
Tf'lative  position,  which  Ava-  in  n'lvancoof  the  pirl.".  Tho  chief  circum^itRnrr'^  to 
efiect  this  reault,  as  respects  the  bovs,  were  the  inti-oduction  of  active  bodily  exer- 
cises, tho  naval  and  the  military  ^nll|  and  the  reduction  of  tho  duration  of  the 
fldiool  teaching  to  within  what  appear  to  me  to  be  tlie  peydiologieal  Unita  of  the 
capnrity  of  vouintnry  attention. 

When  book  instruction  is  given  under  circumstances  combining  bodily  with 
mental  ezeicisesy  not  only  are  the  book  altanmienta  of  the  half-time  s^olars  nroved 
to  be  more  than  equal  to  those  of  the  foil-time  scholars,  hut  tlieir  aptituaes  fan 
nnplyinpr  thorn  are  Pup^rioTi  and  thej  am  preferred  by  employers  for  their  anpeiior 
alertness  and  etiiciency. 

Ijk  Ae  eommoB  oonne  of  book  inatnietioni  and  in  the  ayersffe  of  amall  but  weU^ 
maniged  lon^-time  schools,  children  after  leaving  an  infant  school  are  ocoupied  on 
the  aven^re  six  years  in  learning  to  rend  and  write  and  spell  fairly,  and  in  acquiring 
proficiency  in  arithmetic  up  to  decimal  fractions.  In  the  larger  half-time  schoolsy 
with  a  aabdiviaion  of  educational  labour,  the  same  elementary  branches  of  ioalnie* 
tion  are  tnu<rht  betti>r  in  three  yeaiBy  and  at  about  half  the  annual  ezpeoie  for 
superior  educational  power. 

The  general  result'?  stated,  I  have  collected  from  tho  experience  during  a  period  of 
firom  twehre  to  fifteen  years  of  schools,  comprising  altogether  between  ten  ana  twelve 
thousand  pupils.  From  such  expnrionco  it  appears  that  the  general  nvnrage  school- 
tim*'  i.s  iu  excess  full  double  of  the  psycholofficai  limits  of  tho  capacities  of  the 
average  of  children  for  lesaons  requiring  mental  effort. 

I  have  not  hitherto  been  enabled  to  carry  my  inquiries  to  any  auflloient  extent 
for  a  statement  of  particular  results,  to  the  sch'^ni^  for  children  or  youth  of  tho 
higher  ageS|  but  I  Delie%'e  it  will  be  found  that  tiie  school  and  collegiate  require- 
ments are  eTeiywbere  more  or  leas  in  exeees  of  psychological  limits.  I  gather  that 
the  arera^  study,  continuous  and  mental  labour,  of  successful  pri/emen  at  the  uni- 
versities is  from  live  hourg  and  a  half  to  littlo  more  than  six  hours  of  close  mRntnl 
labour  or  exertion  from  day  to  day.  An  able  Oxford  examiner  informa  me,  that  if 
be  ever  bean  that  some  one  fa  Mming  up  for  examinatioB  who  baa  been  leaijUng 
twelve  or  thirteen  hoiu^  a  day.  he  is  accustomed  to  exclaim,  "that  man  will  be 

E lucked  I"  and  during  his  experience  of  thirt*en  years  m  an  examiner  at  Oxford, 
e  hfia  never  known  on  instance  to  the  conimry.  In  respect  to  the  mental  labour 
of  adults,  it  is  observed  by  Sir  Benjamin  Brodie  in  his  '  Pi^chological  Inqnii  i 
"A  man  in  a  profession  may  he  en^^'au'i  *1  in  profe.Sf»ional  niattoi's  for  twi-lvo  or 
thirteen  hours  oaily,  and  sullier  no  verj'  great  inconvenience  beyond  that  which  may 
be  UBced  to  bodily  fatigue.  The  greater  part  of  what  be  ha^  tV)  dr)  (at  least  it  is  so 
after  a  oertain  amount  of  eiqpeiience)  is  neariy  the  same  as  that  whidh  he  hais  done 
many  times  hof'>ro,  and  becomes  almn?t  mnttrr  nf  course,  fie  u.ses  not  only  his 
previous  knowlt^lge  of  facts,  or  his  suuplo  experience,  but  his  previous  thoughts, 
and  the  conduaioiia  at  wbieh  be  had  Mrived  formerly ;  and  it  Is  only  at  intervals 
that  he  ia  called  upon  to  malra  any  considerable  mental  exertion.  But'at  every  step 
in  the  composition  of  his  philosophtrnl  vrorksLord  Bacon  had  to  think,  and  nn  nno 
can  be  eng^ed  in  tiiat  which  requires  a  sustained  efibrt  of  thought  for  more  than 
a  nnr  lintdd  Mttion  of  tha  twintj-four  boan^  Ac. 
^MgieaA  UuB0i  am  aoeomplldiid  mm  iinqu^ 
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in  witk  intervala  of  relnxation  dmiBg  ft  vexy  long  ]^od.  I  have  been  infonned 
tbat  Cuvier  was  ugnally  engaged  for  Bttvea  homs  oaily  in  bis  sdeatifie  teMudies; 

hut  these  were  not  of  a  nature  to  require  continuous  thought.  Sir  Walter  Scott, 
if  my  recollection  be  accumtc,  'Scribes  himself  ns  having'  aeroted  about  six  hours 
daily  to  literary  compositiou,  and  his  mind  was  then  in  a  state  to  enjoy  some  lighter 
punnits  afterwarda.  Ait«r  Ida  miafortiuiea^  htmeveVf  he  allowed  himaelf  no  ruax»- 
tion,  and  tbore  can  b<'  little  doubt  tlmt  this  over-exertion  contributed  as  much  ns 
the  moral  sufl'ering  whirh  he  endured  to  the  production  of  the  disease  of  the  brain, 
which  ultimately  caused  h\a  death.  8ir  David  ^N'iUiie  found  that  he  was  exhausted, 
if  employed  in  his  peculiar  line  of  art  for  more  than  four  or  five  hours  daily ;  and 
it  is  probable  that  at  was  to  ixdieve  himself  from  the  eflectf  of  too  great  labour  that 
he  turned  to  the  easier  occupation  of  portrait-paiutingr.  In  fact,  even  onion cr  the 
higher  grades  of  mind  there  are  but  a  few  that  are  capable  of  sustained  thought, 
repeatea  day  after  day,  for  a  much  l<»ger  period  than  this." — P.  9-19. 

Sir  Benjamin  Brodie  has  stated  to  me  that  he  snbsequently  ascertained  that  in 
the  above  passage  ho  had  rather  exceeded  the  limits  of  the  mental  labour  of  Sir 
Walter  Scott,  who,  in  a  conversation  on  the  topic,  in  the  prei^ence  of  Sir  Charles 
Lyell  and  Mr.  Lockhart,  had  declared  that  he  worked  for  three  hours  with  pleaawe^ 
but  that  beyond  about  four  hours  he  worl o  1  ith  pain.  Sir  Benjamin  statr-  to  me 
that  he  is  of  opinion  ''that  for  young  childicu  three  or  four  hours'  occupHtimi  m 
school  must  be  even  more  than  sufficient,  and  that  they  will  be  found  in  the  end  to 
liave  made  greater  progress,  if  their  exertiana  aze  thua  limited,  than  if  they  an 
continued  for  a  longer  period-" 

In  large  public  estabushments  in  which  I  have  had  an  executive  direction,  I  haTe 
not  found  it  practicable  to  sustain,  on  the  average,  for  longer  than  aiz  hours  per 
diem,  from  da  v  tn  day,  continuous  and  ateady  mentil  labour  on  the  part  of  adulta. 

I  find  ground  for  thr  bolirf  thfit  KB  more  and  morf^  of  mental  effort  and  '^ViW  ib 
required  in  the  exercise  of  the  manual  arts,  the  hours  of  work  must  be  more  and 
more  reduced  fbr  tiie  attainment  of  the  beat  economical  lesalta  without  waste  of 
the  bodily  power. 

The  pevchological  limits  to  mental  labour  are  governed  by  phj/swhir/jrnl  limits, 
which  in  the  case  of  young  children  aie  first  indicated  by  bodily  pain  experieootnly 
in  continued  sedentary  oonatrain^  from  suppreaaed  musciuar  actanty,  or  from  mvs- 
cular  irritability.  As  respects  children,  the  physiological  caaa  k  put  in  ti^  follow- 
ing letter  whida  I  wrote  to  Piofeeaor  OweUi  and  in  nia  anawer: — 

"  Dbab  Owen, — Permit  me  to  submit  to  you  for  your  consideration  and  for  my 
inatruction,  aome  queationa  on  to^oa  of  obeervation*  made  from  time  to  time  offi- 
cially on  the  commrn  practice  ot  popular  education,  whether,  in  the  duration  of 
aedentaiy  atteutioTi  wliii  h  its  theory  reqtiire^  it  is  not  at  variance  with  elementary 
principles  of  physiology  ? 

''Fust,  let  me  obseive  upon  the  very  youn^  of  our  rpedea,  tfaeir  mobility  at  the 
periods  of  growth ,  particularly  in  infancv, — their  constant  changed  of  bodily  position, 
when  free  to  change, — their  incessant  cfesire  for  muscular  exertion, — their  change*, 
short  at  first,  longer  as  growth  advances, — these  changes  being-  excited  by  quickly 
Tarying  objects  <h  mental  attention,  and  forming  inceasantly  varying  alternationa  of 
exertion  and  repose,  with  manifestations  of  pleasure  when  allowed  fn  r  cope  for 
them,  of  pain  when  long  restrained.  Now  to  what  physiological  conditions  do 
these  alternations  of  exertion  and  repose  subserve  P 

"When  obstructed  and  subjected  to  eonstraints  for  long  perioda,  and  when  pain 
and  mental  irritation  and  resistance  are  excited  amonpst  classr.f,  are  not  the  pain  and 
resistance  to  be  taken  an  a  remonstrance  of  nature  against  a  violation  of  its  laws  ? 

The  theory  of  the  common  practiee  ot  school  inatmetion  la  of  fiye  and  as  much 
aa  aix  hours'  quietude,  and  for  intervale  of  three  hours  each,  perfect  muscidar  inac- 
tivitv  nnd  stillness  of  vrry  young  and  growing  children  from  seven  to  ten  years  old, 
and  during  this  constrained  muscular  inactivity,  continuous  mental  attention  and 
labour. 

"To  ensure  these  conditions  of  continued  bodily  inactiTily  and  prolonged  menial 

labour,  the  common  oHice  of  the  schoolmaster  is  everywhere  a  war  for  the  repres- 
sion of  resistances  and  incipient  rebellious.  But  are  not  these  resistances  excited 
by  nature  ittelf  P  Axe  not  aeak  catting,  whittling  with  knives,  mischief,  oonlitiaaa 
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of  imtability,  niAiiifestation3  of  excesiaive  constraints  against  physiology  ?  If  the 
condition  of  muscular  inactivity  were  coiupleUjly  enforced,  what  does  physiology 
tell  UB  may  be  exp-ected  from  these  restraints  F  I  might  ask  you,  indeed,  whether 
much  of  the  insanitary  conditioriB  of  oiir  jarenile  ana  Toxy  young  populations  aie 
not  conaequencos  following  from  them  ? 

**  First,  there  is  the  proverbial  pale-facedness  of  the  yoimg  scholar,  and  a  lower 
bodily  conation  oi  thoae  who  are  subject  to  the  conBtioment  of  sehook^  even  of  the 
bi:>t  ron.<)truction  and  ventilation,  thnn  of  those  who  am  fine  fiom  UkMA  and  At 
large,  at  liberty  to  follow  natural  instincts. 

"  When  the  weakly  fail  in  health  in  a  maiked  degree  under  the  restraints  of  the 
flchool,  the  remedy  is  restoration  to  natural  freedom,  which  commonly  leads  to 
improved  health.  I  cannot  but  attribute  tn  the  lowering^  of  the  by^=^  and  bodily 
debility  produced  by  this  excessive  Bchooi  constraint  (even  where  there  i«k  good  ven- 
tilation). Mid  tiie  consequent  exposure  to  enidemie  conditions  and  other  passmg 
causes  oc  disease^  a  Luge  share  or  our  juyenile  moilalit^^  especially  between  seven 
and  ten  years  of  apre,  when  the  opportunities  of  retrieving  tue  eflects  of  the  school 
constraints  by  athletic  exercises  are  less  than  at  later  penods. 

t*  But  the  constraints  of  a  school  are  accomplished  most  fldly  in  girls'  schools,  mors 
especially  in  boarding  schools,  ^^  here  the  sedentary  application  of  young  children 
is  extenan*]  to  cit'-lit  hours  daily,  and  diseases  are  attendant  upon  them,  which  I 
cannot  help  a:;>cnbmg  largely  to  violations  of  the  laws  of  physiology.  In  Manchester^ 
with  tibie  increase  of  pro^^p'^rity,  an  increased  proportion  of  femues  have  been  sent 
to  boardiri;:-  scliools  and  high  class  schools  with  lonjr  hours;  and  I  am  a^^ured 
by  Mr.  Roberton,  who  is  especially  conversant  with  the  diseases  of  females,  that 
the  proportion  of  the  mothers  of  the  middle  class  who  cannot  suckle  their  own 
chiluen  is  increasing.  He  has  shown  me  t  iti-tically  that,  with  iJl  the  care  be* 
stowed  npon  f  inales  whn  liave  been  so  hi^zMy  i  dncated,  the  failures  and  deaths 
in  childbirth  are  full  sevenfold  greater  than  amongst  females  of  a  lower  condition 
in  life,  who  have  had  less  stdiool  restnunt  and  sedentary  application,  and  mora 
freedom  and  muscular  davalopmint  in  childhood.  Cases  of  spmal  distortion,  ner- 
vous disorder,  nervous  mania,  and  hvstcrin,  prevail  peculiarly  nmonp'qt  the  middle 
and  higher  class  of  females,  whoso  eclucatiou  has  been  of  prolonged  sedentary  occu- 
pation, even  under  the  beat  sanitary  conditions  in  other  respects.  As  apmied  to 
them,  it  is  a  proverbial  ol^rvation  that  '  ailing  mothers  makL<  moaning  children.' 
A  lady  who  wai  eminent  as  a  boarding-school  teacher,  but  wlio  has  retired  from 
Imainessi  has  observed  painful  evidence  of  the  injuxy  done  br  the  prolonged  hours 
of  sedentary  application  which  custom  and  the  demands  or  parents  require,  and 
she  confttms  the  experience  of  the  best  half-time  schools,  that  better  instruction 
might  be  given  in  shorter  hours.  I  have  received  a  body  of  evidence  from  able 
teachersy  Uiat  they  can  and  do  exhaust  tlie  capacity  of  attention  to  book  instruction 
in  half  the  time  for  which  sustained  attention  to  such  instruction  and  bodOy  in- 
activity is  demanded  by  custom. 

"But  what  I  seek  is  the  sanction  of  vour  opinion,  as  to  whether,  if  the  laws  of 
physiology  be  duly  cousulted  for  providing  a  sound  body  for  a  sound  mind,  other 
treatment  is  needled  than  that  which  prevails  in  schools,  of  requiring  five  or  six 
hours  of  sedentary  occupation  for  children  in  the  infantile  stage,  and  seven  or  eight 
for  those  in  the  juvenile  stage  ?  I  appeal  to  you  more  particularly  from  the  fact, 
that  in  lectures  and  papers  tlie  teachmg  of  physiologj-  is  insisted  upon  a-s  an  addi- 
tional element  of  popular  education,  said  an  additional  demand  oT  time  in  those 
schools,  the  whole  condition  and  theory  and  attempted  practice  of  which,  though 
not  yet  so  recognized  generally  by  professors  of  the  science,  appears  to  me  to  be  a 
iMge  Tiolatlon  of  it»  and  an  oflfence  aganmt  infantile  nature. 

''Younever,  fte." 

*'My  DBAn  Chadwick, — have  perused  and  carefully  considered  every  point  in 
the  inquiry  which  you  have  addressed  to  me,  and  I  concur  completely  with  your 
helief  m  tne  agreement  with  nature  of  the  changes  you  recommend  in  ttie  diatribu* 
tion  and  chan^^e  of  the  periods  devoted  to  school  restraint  and  studies,  and  to  bodilj 
exercise  and  relaxation. 

"  AH  tho  nutritive  fimetions  and  actionB  of  growth  proceed  move  vigoioualv  and 
mildly  in  diildhood  and  youth  than  in  mature  life^— 4iot  m«rel7  as  xcgvNU  tlw 
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soli(La  and  ordiomy  fluids^  but  also  iu  the  production  of  those  imuouderable  and 
interchangeable  forces  wmch  have  sometimeB  bean  pexaonified as  'nervous fluid,' 

*  muscular  force,'  il  c.  Using  the  latter  term  to  exemplify  my  meaning,  the  exces^i  of 
nervous  force  is  in  the  chilcimost  nstf  urully  and  healthily  reduced  by  its  conversion 
into  muscular  force ;  and  at  very  short  mtervals,  duriug  the  active  or  waking  pehod 
of  life,  the  child  instinotivel^  uses  its  muflclesy  and  nBeyes  the  Imon  and  nenrea  of 
their  ac'cumulnt  I  force,  which  passes,  by  the  int^^nuoiliate  contraction  of  the  mus- 
cular fibre,  intt)  ordinary  force  or  motion,  exemplified  by  the  child's  own  movements^ 
and  by  those  of  some  object  or  other  which  has  attracted  iU  attention. 

^'  The  ti.-^aues  of  the  growing  organs,  brain,  muscles,  &c.,  are  at  this  period  of 
life  too  soft  to  bear  a  lonj;  coutimiauce  of  their  pro'per  actions;  their  fibres  have 
not  attained  their  mature  tone  and  Hnnnes.s;  this  is  more  especially  the  ca-^c  with 
the  brain-fibre.  The  direct  action  of  tlie  bruiu,  as  iu  the  mental  application  to  leagu- 
ing, soon  tires ;  if  it  be  too  long  continued,  the  tissues  are  unhealthily  atl'«  ct^  d ;  the 
due  progTcsa  of  rrrrn-^'th,  whioli  should  have  rcsult^'d  in  a  fibre  fit  f^^r  <rf>od  and  con- 
tinuous labour  at  matuiity,  is  interfered  with;  the  child,  as  an  intellectual  iiu^trumeut, 
is  to  that  extent  spoiled  by  an  error  in  the  process  by  which  tJiat  instrument  was 
Bought  to  be  impToved. 

"The  same  effect  on  the  muscular  system  is  exemplified  in  the  racers  that  are 
now  trained  to  run.  at  2 1^  or  3  years'  olcl,  for  the  grand  prizes  at  Doncaater  or  Epsom. 
The  winn»  of  the  'Derby '  never  becomee  an  *  Edipse '  or '  Flj-ing  Childew,*  because 
the  muscular  system  has  been  overwrought  two  or  three  yeaxs  before  it  could  have 
nrrivcd  at  its  liiU  developmeaty  which  development  is  stopped  bj  the  pRmatan 
over-exertion. 

"J£  the  brain  be  not  stimulated  to  work,  but  is  allowed  to  rest;  and  if,  at  th» 
same  time,  the  muscles  be  forbidden  to  act,  tlieie  then  arises,  if  this  restraint  be 
too  prolonged,  an  overcharpred  state  of  tlie  nervous  system.  It  is  such  a  state  as 
we  see  exemplified  in  the  caged  <|uadruped  of  active  habita,  when  it  seeka  to  relieve 
It  by  converniig  the  neirous  into  tiie  muscular  fcnree  to  the  extent  permitted  bjr  ite 
piiaoiiy  dtiier  executing  a  succession  of  bounds  against  the  prison-baa^  like  the  agik 
leopard,  or  stalkinn-,  Hkc  the  lion,  sullenly  to  and  fro. 

"If  the  active  child  be  too  long  prevented  from  gratifying  the  instinctive  impair 
to  put  in  motion  its  limbs  or  bodv,  the  nerrous  system  bSoomes  overcharged,  and 
the  relief  may  at  last  be  got  b^  ^dolent  emotions  or  acts^  called  'pasMon'  or  'naughti- 
ness,' ending  in  the  fit  of  cr^nng^  and  flood  of  tears. 

''But  all  these  impedinieuts  to  a  healthv  development  of  the  nervous  s^-stem 
might  be  obviated  bv  regulations,  based  on  uie  qrstem  which } m  ri^'htly  advocaA% 
providing  for  more  frequent  alternations  of  labour  and  rest,  of  study  and  play,  of 
mental  exertion  and  muscular  exercise  j  in  other  wordi»,  by  hn-frv  and'mor.'  fn-quent 
periods  allotted  to  those  phases  of  educational  procedure,  uud  modified  to  suit  two 
or  three  divisfons  of  the  scholars,  according  to  age. 

"  The  powers  and  workings  of  the  human  frame  concerned  in  the  complex  acti 
and  influences,  which  yon  have  as^ked  me  to  explain  phy>Jiologically.  fir"  nmonjrrt 
the  most  recondite  and  diihcult  iu  our  science.  You  will  therefore  comprehend 
and  excuse  my  short-coming  in  trying  to  fulfil  your  wish*  But,  on  the  mim  poaai^ 
I  have  no  douDt  that  your  aim  is  in  close  accordance  with  the  nature  of  the  deacats^ 
andy  for  good  or  evil^  easily  impressible  organization  of  the  child. 

"Believe  me,  ever  truly  yours, 

«<RlCBABB  OWISH." 

It  ?»  difficult  to  separate  distinctly  fho  Rrisin^'^  from  the  excess  of  simple 
bodily  inactivity,  from  the  results  of  the  common  nifiomtary  couditioiis  of  school!^ 
bad  ventilation,'  bad  lighting,  bad  wanning,  and  overcrowding.   These,  however, 

are  attended  by  epidemic  and  eniptive  diseases,  which  rava^a*  tlio  infnntile  com- 
munity. Simple  constraint  appeai-s  to  be  attended  by  enenalion  and  ob*<trnrted 
functions,  and  thence  moladieH  of  auother  class.  The  preventive  of  these  i.-^  the 
occupation  of  children,  with  means  of  physical  training,  with  systematized  gym- 
niustics,  including  swimminjr,  and  the  na\  al  and  military  drill.  Where  there  liave 
been  ^ood  approximations  to  the  jiropor  physiolo^^ical  as  well  a-s  the  nsytlu)lo>,ncal 
condiUons,  as  in  the  hull'-time  industrial  district  hchooL^.  epidemic  uioeoduh  have 

been  banishedi  and  the  nte  of  mortality  reduced  to  one-third  of  thftt  which  pKevAila 
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amonp^t  the  coiieral  cominuiiitv,  ntiJ  iii  England  and  Wales  alono,  where  upward 
of  a  quarter  of  a  milliou  of  cliildreu  are  aunually  swept  nway  from  preveutible 
diaeaae,  which  enervates  tliose  who  sur\'lve.  Four  labounny  who  httrt  had  tha 
advantaiT'"'  r»f  this  improved  physical  and  mental  training,  are  proved  to  be  aa  effi- 
cient as  live  or  more  of  those  who  have  not.  I  am  prepared  to  show  that  by  ad- 
ministrative improvements  in  the  appUcatiom  of  tho  principlea  iu  question,  double 
the  population  may  bo  physieollv  and  mentally  trained  well  at  the  eipenao  of 
educatmg  the  exiatuig  numoexa  ilL 
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The  author  said  that  he  read  this  paper  with  the  view  of  drawing  public  atten- 
tion to  the  great  national  importance  of  the  Herring  Fishery  on  the  British  coasts ) 
Mid  stated  uat  the  propriety  of  aflbidhig  eyeij  enoouragemeiit  and  inoteetkni  to 
it  has  been  already  afimneu  by  this  Association,  in  its  proposing  for  one  of  its 
objects  "  The  improvenu  nt  find  extension  of  the  Britii^h  Fisnenes  j '  and  the  author, 
in  pointing  out  its  imporUinct',  quoted  the  following  extract  from  Baron  Cuvier's 
<  Natonl  History  of  Fishes,'  vol.  xx.  pp.  SO^  81 

"  Par  son  in^puisablo  f6condit<S  lo  hareng  est  uno  de  ces  productions  natiireUii 
doQt  I'cmploi  ddcide  la  destin^e  des  empires.  La  graine  du  culler,  la  feuille  du  th^, 
lea  Apices  do  la  zone  torride,  le  ver  a  sole,  ont  nioins  iniiud  sur  les  richesses  dea 
nations  quo  le  haren^  de  I'oci^au  septentrional ;  lo  luxe  ou  la  caprice  demaadent 
lea  prenut  rs,  le  besoin  reclame  le  flocond.  La  pt'che  de  ce  poiason  fait  partir 
chaquu  uuuec,  des  cotes  de  France,  de  Jiollaude,  aes  lies  Britauniques,  des  nottes 
uomorcuses  pour  aller  dieveher  dana  le  eon  dHine  mer  orageusei  la  moisson 
abondante  et  aesarfo  que  lea  l^ons  innombrables  prdsentent  k  la  courageuse 
activity  de  cos  peuples.  Les  pmiiaes  politiques,  les  plus  habiles  ^onomistes,  ont 
TU  dana  la  peche  du  hareng  la  plus  importante  des  expeditions  maritimes;  ils  Tost 
Bumommrtna  la  giande  pfene.  C31e  fofme  dee  honunea  lobnatei^  dea  marini  inM« 
pidesy  des  navigateurs  experiments  L'industrie  que  s*empare  dea  jpioduits  de  oe 
p^che  pait  en  faire  I'objt  t  d'un  commerce,  source  des  richessea  in^puisables." 

Muiiy  iVct^  of  Parliameut  for  the  purpose  of  encouraging  the  iiahexy,  from  aa 
early  period  downwards,  had  been  passed  by  the  Leflisutture ;  but,  owing  to  the 
waiit  of  the  knowledge  of  the  natural  history  mul  nabitat  of  the  herring,  they 
proved  t  ilher  injurious  or  abortive,  although  bolstered  up  with  bounties  and  pre- 
miums ;  and  the  fishery  would  not  have  become  of  any  importance  had  not  a  local 
board  of  mipaid  Comnussioners  been  established,  with  efficient  oi&cers  acquainted 
ivith  the  localitiei^  so  that  the  fiaheiy  might  M  pKOMcatod  with  noom  at  tht 
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properly  ai^certained  seoflona.  T)ie  Board  was  established  in  1803,  and  it%  bcuefickl 
operatious  would  be  proved  by  the  statidtica  of  the  progress  of  iho  lishery ;  aad  it 
will  be  seen  that  this  fishery  beeame,  and  is  now,  one  of  the  greatest  and  most 
prcporoiM  iit  woiM,  and  is  now  only  in  danger  from  improper  interference,  if  it 
18  not  giuirdcd  and  controlled  by  the  inftucnce  and  opioioos  of  scientific  and  intelli- 
,       gent  men,  such  as  are  found  at  this  Association. 

To  prove  the  great  interest  that  is  taken  by  other  maritiiiie  nations  in  the  Herring 
Fishery,  lie  stated  that  an  intori^-itinprdisciia^ion  took  place  at  the  French  Academy 
in  1855,  on  the  q^uestiou  of  the  migration  of  the  herring,  with  no  satisfactory 
results,  from  the  want  of  the  knowledge  of  facts :  al<)o,  that  the  Government  of 
Norway  had  been  occupied  for  sevmral  year  j  past  in  legislating  with  the  view  of 
promoting  the  Herring  Fi-ihery  on  the  Poa^t•^  of  tliat  country;  and  that  in  Sweden 
an  elaborate  report  had  been  prepared,  by  the  authority  of  the  Government  of  that 
country,  by  one  of  the  heads  of  the  citU  department,  M.  von  Wright,  with  tha 
^  i  >  V  of  obtaining  information  as  to  the  cause  of  the  total  disappearance  of  the  vMt 
shoals  of  herrinp  that  formerly  visited  the  Swedish  coasts;  and  that  the  Govera- 
meat  of  Hollmid  is  anxiously  occupied  in  obtaining  information  on  the  subject,  sad 
liis  employed  seientifii!  men  to  investiMite  the  subject  of  the  visits  of  tlie  nerrings, 
and  to  prepare?  reports.  The  results  oi  these  observations,  made  on  board  of  fortj- 
fivc  of  the  Dutch  fishery  busses,  arc  qriven  in  a  work  published  by  the  authority  of 
the  Dutch  Govummeut,  which  has  been  thought  of  such  importance  that  the 
British  Board  of  Trade  has  ordered  a  ttaitslation  of  it  to  be  made  and  published  fiit 
gpeneral  information;  and  it  is  important  that  it  should  be  known  that  tlds  mors* 
ment  of  the  Government  of  Holland  is  caused  by  the  lately  rapid  declension  of  the 
Dutch  Fishery,  and  that  Government,  seeing  the  rapid  progress  of  the  British  Fisheiy 
0&  oitf  eoasts,  has  established  a  system  of  sttperinteadeooe  and  legolatioa  rimilar  to 
that  so  successfully  promoted  by  the  Fishery  Board. 

Ho  said  that  tliere  were  many  subjects  for  inquiry  which  do  not  properly  'beloM 
to  our  Fishery  Boaid,  the  Commissioners  of  which  and  their  officers  have  spec;^ 
duties  to  perrorm  unoer  legislative  eiiaetmeats«  and  it  may  therefore  be  eaoMUmti 
as  a  reproach  to  this  country,  which  gains  so  abundant  a  supply  of  food  of  the  belt 
description,  while  at  the  same  time  securing  a  large  force  or  u«ioful  mariners  ready 

 ^.^.jto  defend  oar  coasts,  and  in  the  day  of  peril  to  man  our  uavy,  that  no  effideot 

eflbrto  have  yet  been  made  to  elucidate  the  natural  history  of  the  hening. 

At  the  present  time  wo  seem  to  pay  too  little  attention  to  the  fostering  of  oar 
native  industrj' ;  it  is  surely  obvious  that  in  enr  nuraijing'  the  search  for  gold  in  oui 
colonies,  we  are  losing,  or  sending  away  from  uur  own  country,  some  of  the  most 
enterprising  and  industrious  of  our  inhabitants,  not  eamly  to  be  replaced ;  while  by 
encouraging  the  search  fur  the  p>lden  treasure?  on  our  own  coa.sts,  as  truly  said  by 
the  distmguished  author,  (^uvier,  we  create  those  men  of  so  much  value  to  n 
maritime  country — "  intrepid  and  robust  MARiXEas,''  besides  adding  every  yeu 
«dditionid  sufpubs  of  food  and   lvkxravstiblb  riches." 

To  prove  the  preat  advantage  of  t lie  systom  of  supeiiutendeuce  nn  !  inspection  of 
the  Fishery  Board  and  their  omcers,  some  statistics  were  given  of  the  progress  fifths 
Fishery :  among  others  the  following 

When  the  Fishery  Board  was  first  established  in  1808,  the  quantity  of  herrings 
cured  and  salted  in  baiTels  was  90.1S5  barrels,  while  in  lSo5  th-  quantity  cured 
was  7C)t),7(Xi  barrels;  and  adding  the  quantity  sold  fresh,  130,759  barrels,  we  find 
the  tot^d  quantity  of  herrings  caught  in  that  year  was  897,462  barrels — yielding  st 
%  modnate  calculation  the  value  of  one  million  sterling,  which  may  be  safely  tiJcen 
m  the  average  annual  value  of  t)T>  herrings  fished  on  the  coasts  of  Scotland,  without 
calculating  the  quantity  caught  at  Yarmouth  and  other  places  on  the  English  aad 
Irish  caa:»ta,  which  are  principally  sold  fresh  or  smoked. 

Before  an  efficient  system  of  legislation  and  regulation  was  adopted  in  tiui 
country,  the  demand  from  abroad  was  inconsiderable,  but  it  hn^  nnnually  incrca^ 
since ;  "for  instance,  in  1812  the  quantity  exported  to  the  Coutmeut  was  only  4720; 
in  1816  it  amounted  to  35,891 ;  m  1840  to  82.351;  in  1845  to  143,764;  in  1880  to 
257,108;  and  in  1855  the  quimtity  exported  wa**  'A  14.020.  And  to  show  how  rapid 
the  progr*' Im*  been  in  foreign  marlcft^  of  the  nale  of  British  herrin^r^,  he  g-ave  the 
amount  ot  the  British,  Dutch,  Danish  and  Norwegian  herrings  imported  into  one  of 
the  largest  exporting  towns  k  FraHia  (Stvttin)  m  successive  years. 
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In  162a  tlieie  wns  imported  there— from 


Qmt  Britnia,  HolUind.  Peini.;ii'k.  Norway. 

18,1(10  42m  1000  (n758 

Iul845      81,1K)  2457  307  44^ 

In  1860    116/»38  606  470  12,607 


and  in  18o5  the  quantity  of  Jiritisli  herrings  amount<;d  to  160,572  baiTcLs— about 
nine  times  the  quantity  eent  in  1826  to  Stettin ;  and  aa  the  herrings  are  carefully 
separated,  assorted  and  packed  into  proper-sized  barrels,  cuixd  imdci  the  e\  e  uf  tho 
in««p<'ctin5r  ftfRcri^,  tlie  Ilriti.sh  ]tomn«rf?  hnve  become  known,  in  conse<iuonce,  as 
a  sate  and  staple  article  of  commerce,  and  are  impoi-ted  into  various  otlier  ports  j 
for  imrtancei  tneie  were  exported  to  the  following  porta  in  1866 — 


KonifT^bcrfr   11,117 

Danzig   5'J,204 

Hamburg    20,774 

Harburg   00,377 

Bremen   0,764 

Rotterdam,  tt»r  tlic  lihine    7,956 

Other  porta   8,244 

Stetdn    ino/)72 


Making  a  tctal  of   .".11,207 


AtkI  it  is  intcTostini;  lo  linow  that  ftt  tho  fi?^h»'rv  stations  in  Scotland  there  were 
enu)lo}ed  in  thu  vuju*  iefeirtd  to,  l''i»bing-  lioutd  11,251,  the  tomiagc  being  77,7114; 
and  the  fishermen,  coopers  and  others  employed,  amounted  to  91,139,  of  which 
1)1,1.30  peojilo  directly  enij)loye(I.  '>9,2r.<^.  wer<-  tl-hermen.  Thopc  ptntistics  apply  to 
the  Scottish  coa.>*ts  only,  when-  thf  gmitest  shoals <»f  horriugs  resort;  but  there  ar® 
other  places,  alxeudy  stat<.'d,  suc  h  as  Yarmouth,  where  many  of  tho  fishenuenare 
OGcnpied  in  fishinflr  herrings  in  t]i<  usual  seasons.  ^  . 

It  IS  necessar)-  that  tho  truth  shtmUl  be  known  as  to  the  progressive  prosperity 
and  increase  of  the  Herring  I'  islierj',  because  there  aro  eome  authors  who  are  in- 
clined to  depreciate  our  national  productions  and  progress ;  for  instance,  we  find 
McCidloch,  m  his  *  Dictionary  of  Commerce,'  which  is  considered  a  text-book  and 
standard  work  by  a  certain  clas^  of  rraders,  saying  "  tho  Dutch  hnrc  nnil'ornily 
maintaiued  their  asceudeucy  in  tlie  Herring  Fishery  since  the  earliest  period,"  and 
that  ''oum  remaina  in  a  -very  unhealthy  and  feeble  state." 

As  already  atated,  ^e  Dutch  Herring  Fishery  is  in  a  declining  state,  and  instead 
of  .']()0  busses  proceediniT  nnnuiilU  to  the  fishery,  ns  wn^^  th(^  pa.«o  not  many  years 
ago,  tho  numl^'  has  beeu  giudiially  decreasing,  and  does  not  now  exceed  00  blisses; 
but  on  onr  coasts  great  nro.<«neritj  b  evident  from  the  progress  of  the  populatioD^ 
die  increase  of  towns  ana  villiiges,  and  &om  the  comfortable  state  of  the  flshetmen 
and  their  fami!i(>f»,  nnd  tho  prcat  circulation  of  wealth  that  must  exist  by  an  aonoal 
increase  of  one  million  sterling  taken  out  of  the  sea  on  our  own  coasts. 

The  Talue  of  this  great  fishery  should  teach  us  the  propriety  of  carefully  fostering 
and  protecting  it ;  and  to  enable  us  to  do  so  elliciaitiy^  we  muafc  have  some  know- 
led^'o  of  the  nntnrnl  hi^tor}-  imd  habits  of  the  herrin<r.  well  aa  accurate  statistci.-a. 
Ho  said  he  was  prepared  to  prove  that  tho  herring  was  a  native  of  the  seas  adjacent 
to  the  coast  to  which  it  resorted;  and  in  conclunon,  he  said  that  to  promote  ita 
prc^crity,  or  even  to  protect  i^  legislation  was  necessary,  and  power  should  he 
given  to  prevent  the  disturbance  of  tho  spawn,  and  the  indiscriminate  destruction 
of  the  youna  herring  or  fry.  The  fishery  grounds  during  the  proper  season  should 
be  attended  DT  the  pmper  number  of  ships  of  war,  to  prevent  disputes  and  distutb- 
anco  among  the  fi.snennen,  and  to  prevent  tho  large  fishing  vessels  from  drifting 
into  tho  smaller  ones.  Ilo  recommended  that  the  Fi«heiy  R»vird  established  in 
Scotland,  should  bo  extended  to  England  and  Ireland,  as  calculated  to  increase  tho 
prosperity  of  the  fisheries  and  tho  number  of  fishermen  and  seamen  suitable  fat 
the  navy. 

Pn'foro  enncludintr  he  produced  n  copy  of  a  letter  written  by  him  to  the  I\ight 
lion,  the  Lord  Advocato  of  Scotland,  to  prove  that  it  ia  absolutely  necessary  for 
1860.  IS 
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f]ii^  protection  of  thr>  fi^hf^mni  and  the  raercli:int-  flmt  th,^  system  of  inspection  by 
the  Fishery  Oflieers  he  coalitmed  to  preserve  urdor  among  Uie  lij^heriuuu  during  the 
fishing  season,  to  prevent  the  fighormen  uring  illeiral  nets,  and  to  prevent  tho 
iiihermon  boing  defraudt'd  by  ill(!;ral  nv  a^m-.  s ;  and  nioro  nartii  uLuly  as  the 
motvhant  buys  p.Thaps  sovt  ral  thousand  baricN  at  a  tinns  tliat  tho  necessity  of 
opeuinar  the  IjarreU  and  se»aug  tho  herrings  may  bv>  u\  oide  J  j  and  the  vahou^i  onerous 
dut  i.'^  of  the  officers  ho  tliu^  enunieratos:— 

"  1.  Tiit  v  are  the  polico  of  tU  •  (Mu^rv,  who  maintain  and  liavi»  tlie  power  to  en- 
force oi"der.  Much  traud  and  di^^order  existed  before  the  oilicer^  were  appointed; 
at  pre.'ieut  uucU  cannot  exist  without  being  repressed.  [This  may  be  said  to  be  the 
only  rouatabuUry  force  paid  out  of  the  national  fund-:  in  Scot  hind,  and  costs  only 
£14,000  per  annum.  The  constabulary  force  in  Irelandi  paid  out  of  the  aattonal 
funds,  cosU*  £*GoU,OyO  per  aunura.] 

**  2.  They  protect  the  fiBhermen  in  this  way, — the  measure  or  cran  by  which  they 
are  paid  for  their  ii^^h  uunt  he  of  legiil  8ize  and  branded*  Fooneily  it  was  offetti 
made  too  large,  and  the  fishermen  were  defmuded. 

"  3.  They  prevent  the  meshes  or  squares  of  the  net  from  being  made  below  the 
proper  size,  which,  if  to  made,  would  take  the  voung  and  inferior  herring. 

"A.  They  see  that  the  tishennen  do  not  fish  during  the  day  and  on  Sunday. 
In  a  paper  I  read  at  the  Literary  Institute  the  other  day,  I  proved  that  three  ifli- 
portaut  tiaheries  were  annihilated  by  this  practice  of  fishing  during  the  day. 

"6.  They  prevent,  as  fiir  as  the^  are  authoriied  by  hiw,  the  destruction  of  the 
fry  and  spawn,  which  wonlil  diminish  or  annihilate  the  herrings. 

"  0.  They  point  out  to  the  t3To  fish-curer  the  mode  of  cure. 

"  7.  They  see  where  the  fishing  localities  rise  into  importance,  so  that  they  eao 
point  out  where  creeks  may  be  miproved,  by  forming  fishing  haroouvs  and  anslter 
lor  the  tishennen. 

*'  8.  They  see  that  tho  herrings  are  cured  within  twenty-four  hours  after  being 
caught 

'*  9.  Thev  see  that  tho  different  kinds  of  herrings  are  properiy  separated  and 

packed  in  Jifl'-  ri  nt  bamds. 

"  10.  They  see  that  they  are  properly  gutted. 

**  11.  They  see  that  a  siiificient  quantity  of  salt  is  put  into  the  barrels  with  <ha 

herrini^r''. 

"12.  Th(?y  see  that  they  are  properly  packed  in  the  bam*!-;. 

**  13.  They  see  that  they  are,  after  ten  days,  properly  filled  up  with  a  sufficiency 
of  herrings  and  pickle. 

"  14.  Thoy  see  that  tho  bari'els  are  of  the  proper  legal  size. 
h'S.  They  ^iee  that  tho  barrels  are  of  the  requisite  matmais  and  ateength,  which 
they  formerly  were  not. 

"  16.  They  aee  that  no  branded  barrel  is  v^ed  a  second  time  to  cover  inferior 
iish. 

"17.  And  wljen  all  the  requirements  are  attended  to,  they  apply  the  brands  to 
the  variou-t  dedcriptions  of  herriugi  as  they  have  been  assorted.  There  are  several 
bmuds  applicable  to  the  diffi»rent  kinds — ^the  highest  being  the  crown  brand  and  tbe 
word  '  full.'  The  applying  the  crown  brand  is  a  proof  of  the  officer  haWng  watched 
the  progresi  of  the  cure.  It  U,  in  short,  the  mere  Fints  coronal  opus — the  o/>»«.  of 
work,  has  bec5n  going  on  since  tho  herrings  were  fished,  and  the  crown  proves  that 
the  herrings  are  meichautable;  but  the  various  operations  require  careful  attention 
during  the  whole  year/' 

Oil  some  suggested  Schemes  of  Tiucation,  and  the  DtjfficuUiet  of  tliem* 

Bg  W.  Newm Alien. 


Uints  on  the  best  Plan  of  Cottage  for  Agricultural  Labourers. 
By  Hbmry  John  Kbr 

The  preient  condition  of  the  dwellinjjfi  of  farm  labour  rer^ali  e I  b  rieve,  with 
some  exception^,  improvom  »nt  no  lojs  than  the  abt)do^  of  the  labouring  classes  iQ 
large  towns.  The  draina;^e  and  ventilation  are  geu<!rally  admitted  to  bd  imparfuct ; 
but  the  evil  of  too  much  cold  ahr  b  sererely  felt  in  some  districts  with  which  1  aiR 
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ncquaint^Ml ;  I  have  found  cottajres  built  of  wliat  I  have  seen  in  New  Zealand  and 
Australia,  and  ihoiv.  called  *'  wattle  and  dnb"  or  vvlekfr  work,  covered  withuntem- 
pered  inurtar :  these  w  alla  cannot  keep  out  the  piercing  cold  in  winter ;  the  frame- 
work  on  which  the  roof  rests  frequently  gi  vei  way,  and  the  doors  and  windows  can- 
not be  kept  wafer-tip-ht. 

I  });ne  turned  niy  attention  towarJ-;  tli*'ir  improvement.  I  have  luitl  the  hir^o 
heavy  tliutched  roofs,  wherc^  they  are  good,  supported,  whili;  new  brick  walla 
have'replaced  "  the  wattle  and  dab,"  and  new  door^  and^ windows  hare  been  added. 
I  found  tlii'  M't  'nition  cn;t  from  £iO  to  €12  each  coKa.Lre,  and  the  OCCUpiezs  were 
quite  willing  to  have  5  per  cent.  o:i  the  oiitlav  luhled  to  their  rent 

With  reference  to  new  buildings,  I  have  the  pleasure  to  pres»»nt  to  this  Section 
of  the  Britiah  Aa<ocuition  the  drawings  of  a  cottage  which  I  found  from  practical 
experience  t<i  the  he-t  .united  to  tlio  lahourttr  in  rural  di>trict<.  It  coinbineii  the 
advantaged  of  at  least  three  airy  bed  rooms,  a  lofty  kitchen  or  living  room,  oud  an 
ftpartm^t  which  may  he  turned  either  into  a  parlour  or  a  bed  room,  where  the 
family  ia  large ;  or  if  neither  of  those  apartments  are  rerpiired,  itmajfonn  an  outer 
kitchen  or  scullery.  A  lean-to  is  added  to  the  end  of  tlie  hnu<»e,  which  forms 
a  bam  to  bold  the  gleaning,  the  fuel,  or  other  matters,  without  which  no  labourer*a 
cottase  can  be  kept  neat  and  comfortable.  Two  peculiar  features  in  the  cottages  I 
have  Duilt  I  beg  to  refer  to.  \'eutilation  is  seciu*ed  by  a  4-inch  square  opening  near 
the  celling  in  ench  apartment;  1111=5  openinfr  It  ad-  the  foul  air  into  a  small  flue  of  the 
same  size  carried  un  to  the  gable  of  tlie  house,  and  finding  egress  in  a  narrow  open- 
ing in  the  outer  sidte  of  the  waU.  Wlien  the  cottage  is  btult  of  brick,  this  adds 
nothing  to  the  expense ;  when  built  of  ftone,  it  i.i  only  the  additional  cost  of  the 
roimd  tiles  for  fonning  the  tine.-*.  Several  of  thr\«e  flii  's  may  1t*ad  to  tlie  nj^per  one, 
whitdi  of  course  must  be  piojjortionablv  euhu-'red  cuny  otl  tli«  iucivused  quantity 
of  air.  In  Ireland  I  built  twentv  dwellings  in  a  double*  row  of  houses,  at  ont>  .side 
opening  into  a  court  yartl,  the  otlier  into  t!ie  .■stn'ct  of  a  large  market  town.  Fever.^ 
prevailed  in  the  following  year,  and  several  deaths  occurred  among^it  the  labouring 
classes,  and  not  one  dentli  amongi<t  the  100  individuals  occup^-ing  those  houses. 
I  built  two  villages  on  the  same  estate,  and  the  medical  gentleman  whoso  duty  it 
"wa.*?  to  xWit  the  labouring  cliisses  on  that  property,  bore  testimony  to  the  value  of 
the  system  adopted  for  ventilation.  The  other  peculianty  in  theee  houses  was  the 
mode  in  whidi  the  window-sashes  were  made.  Every  one  acquainted  with  English 
cottages  of  the  last  half-centuiy,  is  aware  of  the  misenr  and  expense  of  lead  lights, 
Ti"\  <'r  keeping  out  cf>l<l  and  always  wanting  repair.  *Metal  ha-«<  been  snb-rinited, 
fuui  these  are  often  so  imperfect  that  tliev  tit  badlj^  and  neither  exclude  wet 
nor  cold ;  it  is  the  case  in  school-houses  in  ihe  parish  in  which  I  reside,  and  there 
was  no  expense  spared  in  their  erection.  To  avoid  these  difficulties,  I  adopted 
wood  for  tne  outer  part  of  the  fA^li,  the  inner  divi^icnis  being  formed  of  »  inch 
hoop  iron  cut  half  through  where  they  intersect,  aud  thus  forming  one  of  the 
strongest  M.«hes  possible,  with  the  advantaf^  of  being  able  to  add  to  or  take  from 
the  outer  .'<idf.«  of  the  sjlsIi,  to  make  them  fit  ti^jrhtly  ;  they  open  on  a  pivot  let  into  the 
sash  on  each  side,  tlm^  giving  tlie  whole  size  of  the  window,  when  necessarv,  for  the 
admission  of  fresh  air.  I  have  made  a  very  rude  attempt  at  a  modt  l  i)efore  breakfast 
this  morning,  but  it^will  serve  to  show  t£c  plan  of  foimiii)^  the  window  with  the 
hoop  iron.  I  ha\c  eri  t  1  one  such  cottage  in  the  county  of  Huntingdon,  upon  the 
estate  which  is  placed  undor  my  management  as  agent ;  aud  so  mauv  tenants  have 
requested  two  houses  each  on  their  ferms,  that  I  am  alM>ut  to  bnira  several  more, 
the  money  being  advaneinl  by  the  Land  Improvement  Society,  to  be  paid  by  instal- 
ments in  ol  years,  thus  gl\  ing  the  estate^,  tlie  tenants,  and  the  hibourers  the  imme- 
diate benefit  of  the  improvement,  while  the  proprietor  of  the  estato,  who  is  only 
t^iant  for  life,  will  not  be  obliged  to  expend  so  very  large  a  sum,  which  might 
have  the  effect  of  curtfuling  other  improvements.  The  tenants  in  every  case  have 
agreed  to  pnv  5  per  cent,  increnoed  rout  for  the  otitlav,  anrl  these  rents  will  be  paid 
by  iaboiuer.s,  who  gladly  .-^eule  down  where  they  tind  constant  employment  and 
comibftable  and  hc^ihy  dwellings. 


On  ike  StftUms  if  Poor  Law  Medkal  IMief.  Bjf  F.  PcraDT. 


IS* 

Digitized  by  Google 


196 


BBPOKT — 1860. 


iVble»  an  various  EfforU  to  inmroce  tkeDomkiHary  Co9U^ikm  of  ^ 
JLabowinff  Clastet.  ^  Henry  Robbrts,  F,S,A, 

It  is  ooIt  within  the  past  fifteen  or  twenty  years  that  much  attmtion  has  been  di- 
rected to  this  subject,  and  considering  iU  importance  in  regard  to  a  Tery  numerous 
class  of  the  community,  I  trust  that  a  brief  statement  <»f  fjuns,  drawn  frnni  oxperi**nee, 
and  tending  to  show  by  what  mean»  the  object  is  moe^i  iikoiy  tu  be  obtuined,  will  not 
be  deemadYoreiffn  to  the  mTestigntions  oi  fhat  bfandi  of  the  Kntish  AslMxastioii 
idlidi  is  devoted  to  Economic  Science  and  Statistics. 

That  an  undertaking  which  in  its  comni'  iv  inf>nt  may  appear  ver^*  t'fi.^y  «>iimld 
in  its  progress  encounter  some  unexpected.  cLiiiiculties,  is  ol  such  common  occur- 
rsnoe,  tbat  it  would  be  ahnost  an  exceptional  case  were  it  otherwise  in  this 
instance.  But  to  be  daunted  by  difficulties  is  foreigTi  to  the  character  of  Britons,  and 
it  should  be  so  espedaliy  when  the  object  aimed  at  is  the  benefit  of  our  fellow- 
creatures. 

I  aasome  that  aomethiiig  of  tiie  actual  domiciliaiy  state  of  rast  masses  of  our 

fellow-subjects  is  known  to  most,  though  but  few  have  sounded  the  depths  of  its 
misery  or  of  its  degradntion,  aud  none  can  fully  estimate  its  evil  r<"5iilt8.  Whilst 
on  the  Continent  for  the  recoverv  of  liealtL.  1  have  seen  and  htiu-d  it  so  often 
refened  to,  tha^  when  recommenoinff  the  sunject  to  the  attention  of  influential 
persons  in  different  countries,  I  could  not  but  think  of  those  wordsy  **  Phyndan^ 
heal  thyself." 

The  tirst  associated  eiforts  of  a  practical  character  were  commenced  in  England, 
shortly  after  the  inTestiigttdons  made  by  (lovemment  authority  into  the  8tat« 
of  the  poor,  subsequent  to  the  first  outbreak  of  cholera  in  the  metropolis.  Two 
Kocietiea  were  then  formed  by  philonthropic  individunls,  Avitli  a  view  to  work  out 
and  to  exhibit  a  prnctical  remeuy  for  the  great  social  e^  ils  resulting  from  the  con- 
dition of  the  dwellings  of  the  working  classes, — n  remedy  which  would  commend 
itself  to  extensive  adoption,  aud  Ije  the  means  of  .stimulating.''  the  owiu-i-i^  (if  e.xisting 
hmt^es  from  self-interested  motives,  to  improve  and  render  them  healthy  abode*, 
and  alTord  the  evidence  of  practical  results  in  support  of  an  apixjal  to  the  legi-la- 
tme  for  a  somewhat  imprecodented  interference  with  private  property. 

Tlr  first  established  of  these  Societies,  though  the  second  tocomuHiue  building, 
which  it  did  in  1845,  is  the  Metropolitan  Association  for  Improving  the  Dwellings 
of  the  Industrious  Classes.  Up  to  the  present  time  it  has  expended  on  its  t<'n 
distuMSt  ran^fes  of  dwellings  £8l),013  VU  lOd.,  of  which  £71,328  2t.  has  been 
laid  out  on  six  f^pnrnte  blocks  of  d\v(•llinL^«  in  diflrrent  pnrtj»  of  the  metropolis,  whic  Ti 
accommodate  iii'o  families  j  the  net  return  received  from  them,  for  the  year  ending 
Slst  March  last,  after  deducting  all  current  expenses  and  repairs,  amounted  to 
£2087  49.  id*f  hmng  about  3f  per  cent,  on  the  outlay.  On  two  lodging  houses 
for  single  men, — one  of  them  new,  wliieli  has  accommodation  for  and  the  otlier 
old,  which  provides  for  128, — the  return,  owing  to  the  want  of  sufficient  occup«nti», 
has  been  tsty  unsatisftctory ;  such  indeed  as  to  inTolve  a  considerable  loss,  which 
pr  A  r  that  the  building  are^ithcr  too  large,  or  in  someway  unadapted  to  thedaaa 
of  men  frequenting  their  nciphbmu*hood. 

It  is  worthy  of  ob8er\'ation  that  the  same  result  has  attended  a  similar  ludipng 
hoiQfle  at  MaraeiUea,  built  outside  the  town,  for  150  men,  too  for  from  their  cbuly 
oocupalion^  whilst  many  such  houses  elsewhere,  on  a  smaller  scale,  accommodating 
from  50  to  100  men,  nnd  near  to  their  work,  have  fully  «ticceed<  d:  in  gome  instances 
they  have  been  gradually  increased,  which  is  the  case  at  Leeds  and  at  Liverpool. 
Of  two  adjounng  houses,  built  on  the  Boulevard  deBatinioUes  in  Paris,  to  accom- 
modate together  209  men,  and  havini^  on  the  ground  floor  a  restaurant  and  ca{6, 
one  was  closed  two  years  since.  In  tins  iustanec,  however^  the  failure  is  doubtleea 
in  some  degree  attributable  to  defective  management. 

The  second  established  Society  in  London,  that  for  Improving  the  Condition  of 
the  Labouring  Classes,  commenced  its  first  building  in  1844.  It  has  constructed 
four  distinct  ranges  of  new  huildinfr?',  which  nccnmmodnte  97  fniuili.  s  in  'rparato 
dwellings,  provide  94  rooms  fur  .single  women,  and  lodgings  for  104  sinijle  men,  a^s 
well  as  a  public  wash-house  with  baths.  It  has  also  renovated  and  fitted  up,  in 
three  distinet  localities,  old  houses  wliieh  Ittd-^r  168  smgle  men.  These  several 
dwellings  and  lodging  houses  have  all  been  in  full  occupation  since  ld5L  Within 
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the  pft,«t  six  years,  three  entire  courts  in  difterent  localitiea  hare  been  tak^n  by 
the  same  Society ;  and  the  condition  of  the  houses,  which  were  indescribably  lilthy, 
and  occupied  by  the  lowest  class  of  tenantfly  bus  been  completely  changed.  The 
iiumbor  of  rooms  collectively  contained  in  these  courts  is  2<  mid  tliere  i.s  also  a 
single  men's  lodging  house  witli  40  beds.  The  total  expenditure  ou  these  new 
and  old  buildings,  with  the  laud,  has  been  £43,031  17s.  3a. 

The  form  iu  which  the  accounts  of  t  his  Society  are  pvesentcd  does  not  afford  the 
samo  fnrility  for  ascertainin^r  tho  ppcuniury  return  on  the  capital  invested,  as  those 
of  the  Motropolitan  Associations  do ;  and  one  of  its  undertakings, — ^that  in  Portpool 
L»ane,  thu  Thanksj^idng  Model  Buildings,  which  was  commenced  in  1860  with 
oontribationa  received  after  the  removal  of  the  choleitty'— itas  aTowedly  of  so 
experimentnl  nnd  inivfil  a  chanietor,  that  tlie  pecuniary  results  are  not  a  criteriou 
applicable  to  other  cases,  excepting  as  a  caution  again«t  providing  hugely  in  one 
building  for  single  women.  The  average  ocenpation  of  64  xoonsy  ^diich  progressed 
very  slowly  at  the  commencement,  has  not  exceeded  £0  to  fiS ;  and  more  stringent 
regiUations,  with  regard  to  the  hours  <>♦'  r  lo-inn:,  nnd  more  constant  supervision 
than  iu  the  men's  losing  houses,  are  proved  to  bu  indispensable.  The  public  wash- 
house  and  baths,  though  a  boon  to  the  ndghbourhood,liave  not  been  remunefative. 

The  reodpts  and  expenses  of  the  diifercnt  building  during  the  ^ear  1862,  for 
which  1  cnn  pprsonnlly  sponk  to  the  mnnflfr(*nient  of  this  Society^  having  then  aoted 
ou  its  comiuitteij  *uid  as  itrf  houoraiy  aiehitoct,  were, — 

Bagnigge  WcIIj^  :  jielf-contaitiod  houses  and  Hats  for  23  1 

famUii'S,  and  rooms  for  oO  jigcd  females.    Outlay  ou  }  lleceipt* 
knd  £1045,  building  £602&  |  Expenses 

Net  return 

Streatham  iStreot :  houses  for  64  families  built  on  fiats, 
fire-pzoof,  and  with  galleries.  Outlay,  ground  rent 
^/buadiog  £891016f.  OA 

Geoivo  Street :  lodging  house  for  104  men,  six  stoii 

hidi,  incliidinir  basement  oflic«f ,  and  four  floors 


Recoipt,«i 
'  Expenses 


£  9. 

d. 

376  7 

7 

82  6 

9 

2oa  0  10 

724  7 

4 

224  IS 

1 

4fi9  9 

8 

018  11 

4 

806  6 

2 

312  5 

2 

418  0 

4 

233  5 

2 

184  15 

8 

111  0 

8 

73  13  11 

37  15 

9 

on  ine^r^ainng  ana  lurmsmng  oi  wmcn  »ioo  was  |  Exp^naee 

Net  return 

The  rents  rt'r-oi\  *  d  from  tlioso  liou-^os  havo  varied  but  slightly  ?inri^  they  wcro 
opened,  up  to  the  present  time,  aud  tliey  are  general  Iv  Wfll-filled,  the  families  chan- 
ging but  seldom.  The  cost  of  repairs  is  not  included  in  the  expenses  which  are 
above  stated  ;  they  should  b*-  taken  as  averagmg  f  percent,  on  new,  and  genmally 
from  1  to  2  p^r  rent,  on  old  buildiucr^'. 

Calculating  4  per  cent,  interest  on  the  cost  of  the  land,  the  clear  return  on  the  out- 
lay of  £10,407  10«.  Orf.  on  the  three  first-named  piles,  which  are  new  buildings,  is 
6}  per  cent,  from  which,  deducting  j  per  crat  for  repairs,  leaves  4|  per  cent.  net. 
It  snould,  however,  b  ob-^rrvrd,  tliat  tho  rftuni  from  the  Strcatlmm  Street  fanuly 
houses  is  higher  lhau  iivm  the  other  two,  amounting  to  6  per  cent,  net,  and  the 
rents  of  the  nunily  houses  were  mostly  fixed  below  those  nsuallv  paid  for  similar 
accommodation.  The  two  lodging  hotme,  which  were  old  buildings  and  leMe- 
hold,  yii-ldrd  a  return  of  about  1 7  pr  cent  |  and  deducting  2  per  cent,  for  vepalny 


the\'  gave  a  not  return  of  15  per  cent. 
The  outlay  in  putting  the  three  old 


courts  Into  a  good  sanitaiy  stated  with  mit- 
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able  tittliiget  iacludliig  tlie  lodging  holu^ey  Lrs  been  i;7220  Is.  4d.i  oudthecletr 
lottun  for  the  jear  ending  ^^Ist  Ijiecember  1858,  £208  14m.  SdL,  fiwrnwludi 
deducting  1|  per  cent  for  the  expense  of  lepaizv,  leaves  about  1|  per  oent  net  on 

tl)«'  ontlny. 

From  thcso  figures  it  wnuld  a})pi;a'  lliut  u  hilnl  in  liic  uieiropuiis  old  buildingii 
may  lie  renovated  and  fitted  up  lor  mm'n  lodging  houses,  with  the  prospect  of  at 
loas!  ii  fair  rcmunomtlve  return,  altlioiiuli  li.is  not  bofn  lln-  « ;(>*' aiinUy, 
the  putting  of  old  courta  nnd  blocks  ol  d  welling  houses  for  liimilies  into  a  good 
ttauitary  condition,  unless  they  are  obt«ini  d  ul  an  unusually  low  price,  is  not  likfly 
to  yield  a  aatipfftctorv  return  on  the  outlay,  even  taking  4  to  6  per  cent,  na  the  lowest 
rate  of  iiiltrest  whicli  fiuch  invo«tm»nt.-<  -hould  yirld,  iift»r  provision  bus  Tufii  niaJe 
for  repairs,  and  a  sinking  I'liiid  to  ])ay  otl'the  capital,  which  there  should  be^  espe- 
cially in  the  case  of  leasehold  properly. 

It  is  well  also  to  notice  that  the  n(  tual  benefit  xeaultuig  from  these  efforts  has 
not  been  conferred  to  the  extent  ^vllieh  mitrlit  b^  supposed,  on  those  who  were  flv 
occnpantA  of  the  courta,  when  they  were  tAken  by  the  Society^  as  a  considerable 
portion  of  them  hare  been  ejected,  m  otder  not  only  to  reduce  the  number  of  oocu- 
pants  to  a  due  limit,  but  al.so  to  secure  a  more  eligible  set  of  tenants. 

Tt  may,  however,  be  statt  d  here,  that  a  Hociety  has  for  the  past  three  yeanbsca 
successfully  in  operation  at  Hastings,  established  mainly  through  the  iustromeatSr 
litj  of  Dr.  Greennill,  and  cslled  the  Hastings  Cottage  Improvement  Society,  which 
avowed  ''the  fixed  determination  to  t-pare  no  paiiLs  in  securing  the  main  object  of 
benefiting  tlio  tMinnts,  and  nl  the  panio  time  imt  to  di-ronrago  the  good  catisc  by  a 
commercial  failure."  With  an  expenditure  lo  the  present  time  oif  1*9240  inpur- 
cbasing  and  putting  old  dwellmg-houses  into  good  condition,  a  dividend  of  o  per 
cent,  has  been  paid.  Judging  from  what  I  have  seen  of  the  Society's  lal>oui^  at  an 
early  f^tnge,  it  is  simply  that  of  putting  the  nrqtiin  d  property  into  the  couditien 
which  any  kind-hearted  cousidcrutc  laaidlortl  woidd  desire  for  his  own  tcnanlo; 
and  this  has  been  done  with  as  little  disturbance  of  the  existing  occupants  as  pos- 
sible. The  operations  of  this  Society  derive  much  advantage  from  the  appointment 
of  two  vi.Hitors,  whose  duty  is  to  insjiert  the  houses  every  foHni^lit.  H  lie  foniia- 
tion  of  a  reserve  fund  at  the  rate  ot  1  per  cent,  per  annum,  and  aUo  of  a  benevo- 
lent fund  amongst  the  tenants,  deserve  notice. 

The  physical  results  obtained  by  the  two  Societies  in  the  Metropolis  Lave  h'l  n 
of  a  very  marked  chnrarti  r.  For  the  four  con.«ecutive  years  1S«0  to  INj^,  tli« 
average  nundjer  of  di  ath-  in  all  their  ho»i«es  was  only  1^  0  per  1000,  as  coni|)aa'd 
y^■\^h  27  to  28  per  KKH)  in  the  districts  imne  diately  around  them,  and  of  2o  per 
lOfK)  in  tlio  Metropoli.-J  freiKially,  whil>t  there  hns  Ix  »  n  nn  nlnin.«t  entire  fre'  drm 
from  the  special  disea.'*es  to  which  the  lower  clas.«es  ore  more  peculitirly  subject, 
not  even  excepting  cholera.  That  such  returns  should  not  have  been  regularly 
continued  by  the  .«econd  named  of  these  soci(  !it!S,  is  cnu-e  for  regret.  A  verybeneficial 
influence  has  b(  <  n  exercinrd  on  the  lo<  nlities  in  whicli  tin-  hou^pw  nre  .«ilitnted, 
especially  those  occupied  by  families ;  and  it  may  be  confidently  asserted  that  the 
most  sanguine  expectations  of  their  projecton  have  been  reaUaed  in  every  nspoct, 
excepting  that  of  their  financial  returns,  and  the  extent  to  which  it  was  anticipated 
that  the  example  would  l  e  followed. 

Had  the  returns  genei-aliy  proved  more  renmucrntive,  doubtless  a  greater  number 
of  similar  houses  would  have  been  built;  yet,  although  they  are  but  a  drop  in  tbe 
bucket,  when  the  extent  and  vn.'-t  population  of  London  is  considered,  tlicy  are  not, 
as  conipnre<l  with  what  ha.s  been  avvv  at  Tari.*',  ( ncoun);.'ed  by  a  hir;_'e  J.'•o^  emnient 
subvention,  by  nny  means  as  insigiiilicant  as  might  be  intern  d  from  jueniaik  made 
in  the  laat  number  of  (he  Qimrterly  Re\-iew,  that  "  the  wants  of  the  di.«plac(  d  poor 
have  with  us  been  utterly  negh  ctod.  '  It  is  too  line  lluit  in  the  Metropoh.*' of 
rireftt  Br)lHin,  as  Avell  a.s  in  that  of  France,  the  foiniation  of  new  .'.treet«,  nt:d  the 
remo\  ing  nniSftes  of  mi.-emble  den.<,  has  only  iiicn  ju^ed  th<'  evil,  by  crtiwdiuji  yet  more 
those  that  remaiu.  I  can,  however,  after  minutely  exiuuining  all  whit  h  find  been 
done  or  r<inimenctHl  in  Tiiii<  two  y  nrs  ajro,  nnd  a.'icf  rtaii,;::g  the  jidditions  f-ince 
made,  conlidently  fvariX  that  i  ngliind,  which  to(d{  the  had  in  this  illbrl  of  prnc- 
tical  lx»nevolence,  ha.-*  done  mnch  more  through  the  unaided  force  of  that  motiv«^ 
than  hns  been  nccompliahed  in  France,  with  the  atimulua  of  a  government  subven- 
tsoo  of  10^000,000  francs. 
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The  munbcr  of  improved  dwellinfj.s  fc»r  worl\ln]p:  people  wliic])  1  nv'-  been  con- 
fltnicted  in  London,  either  by  local  at<sociation%  or  by  individuals,  lullowing  more 
or  1«8B  closely  the  plaxis  of  those  built  bj  the  two  societies  before  refisned  to,  for- 
bids their  detailed  notice  j  they  may  be  learnt  from  my  paper  on  *'  the  Improvement 
of  the  Dwellings  of  tlie  Labourinpf  Cl{u;.>it  .-4,"  pnven  m  (lie  Trnnsactioiis  of  tliy 
National  Associjition  for  the  promotion  of  .Social  i>cience  for  1^08.  On  this  occa- 
rion  I  shall  only  allude  to  such  of  them  as  especially  illustrate  the  points  which  it 
IB  the  main  object  of  this  paper  to  prove. 

At  Shadwell,  close  to  the  line  of  the  l^lnckwnll  Kailway,  a  number  of  miserable 
dwellinga,  tenanted  by  the  lowest  cla^  of  persons,  came  by  inheritance  into  the 
poeseseion  of  a  {ffiTHte  ^tleman,  W.  B.  Hilliardt  Esq.  of  Gray's  Imi :  actuated 
ny  the  most  philanthropic  views,  he  decided  on  endeavouring  to  improve,  not  onlj 
hi»  own  property,  but  also  by  t'xmii]  !^  the  immediate  neighbourhood,  and  his 
cfibrtd  have  been  crowned  witli  Mgnal  success.  The  old  dwellings  have  been 
replaced  by  an  entire  street  of  considerable  length  ;  on  both  sidt^  of  which  houses 
for  accommodating  in  the  whole  112  families  have  been  built,  on  the  p-iu'ral  plan 
of  II.li.H.  The  Prince  Conj'oi  t's  Exhibition  Model  Houses  18.11,  Avith  an  open  stair- 
case,  giving  access  to  each  pair  of  upper  lloor  tenements.  The  tweuty-ej«'ht  blucka 
of  four  houses  cost  £487  each  ;  and  after  allowing  for  ground  rent  and  all  charges, 
lean  state,  on  the  nutlionty  of  the  owner,  that  "  they  continue  to  pay  upwards  of 
six,  in  fact  nearly  seven  per  cent,  as  a  net  return  on  the  investment ;  and  what,"  he 
adds,  *'  is  perhaps  of  more  comequence,  tliey  are  almost  constantly  let,  and  are  ap- 
preciated inj  the  tenants,  who^  as  a  rulci  are  pretty  stationaiyy  and  not  migiatoryy 
AS  til  fit  elasj'  frequently  are. 

"  W  e  have  before  us  in  this  case,  an  outlay  of  nearly  £'14,000  on  new  buildings 
which  contain  448  rooms,  kitchens  or  scutteries  &idu«d,  yielding  from  8  to  7  per 
cent,  whilst  we  have  seen  that  the  cost  of  obtauung  and  putting  mto  sanitaiy  con- 
dition three  old  courts,  Av!ii(  ]i  contain  275  rooms,  and  a  lodging' Tiousf*  with  40  bed?, 
hm  been  upM-ards  of  £'700C) ;  and  in  that  instance  the  return  on  the  outlay  has  been 
1\  per  cent,  after  deducting  1  ^  per  cent  for  repairs,  but  maldng  no  allowance  for  a 
rinking  fund.'' 

The  Strand  Building  TompRny,  on  their  houses  for  25  families  in  Eagle  Courty 
has  last  year  paid  a  dividend  of  4^  per  cent  to  the  sliarcholders. 
The  Victoria  Lodging  House  for  married  aoldiera,  built  br  an  association  of  officers 

of  the  battalion  of  Uueurds,  near  the  Vau.xhall  Bridge  Roaa,  and  containing  54  tene- 
ments or  112  rooms,  was  the  first  practical  result  of  the  interest  manifested  in  this 
object  by  H.R.II.  The  Prince  Connort  in  connexion  with  the  (ireat  Exhibition. 
I  allude  to  it  partly  as  showing  how  justly  the  late  Duke  of  Wellington  estimated 
the  probable  effects  of  placing  that  small  building  in  the  barrack  yard  at  Knight.s- 
bridge,  when,  a5  rommander-in-chicf.  h»'  r)l'V'<  ted  to  the  situation  lest  it  should 
cause  a  feeling  of  dis*ati»factioii  iii  the  aiiuy,  w  ith  the  want  of  luiv  accommodation 
for  married  sddiers ;  an  evil  which  the  Marquis  of  Anglesea  told  me  His  Grace 
apprehended  the  country  to  bo  then  unprepared  to  remedy.  Since  that  time, 
.separate  dwellinrrs  for  themarried  non-commissioned  officers  and  men  of  the  regiment 
st^itioned  at  Chatham  gjuiii^on,  as  well  as  for  the  engineers,  have  been  built ;  and 
during  the  present  session  of  Parliament  £30^000  naro  been  voted  for  married 
Sol(Her.><'  quarters. 

The  \Vindsor  Koyal  Society,  establiwhcd  in  1852,  has  now £0000  invested  in  new 
cottages  and  in  two  lodging  houses,  the  net  returns  from  which  enable  them  to 
pay  a  dividend  of  4  per  cent,  to  the  sliareholders. 

At  Liverpool,  on  a  ranp-e  of  dwelliugs  for  2ii  families,  built  in  Tpper  Frederick 
Street  after  tlie  general  plan  of  The  Prince  Consort's  ii).^bibition  model-houses, 
4|  per  cent  is  resized.  The  Association  at  Ikighton  has  aim  built  one  block  of 
six  lioiiscs  on  the  same  plan,  and  they  pay  afairrptuni  on  the  cost. 

Xot  fewer  than  twenty  swieties  for  providino-  improveil  dwellings  for  Hi^  work- 
ing classes  have,  to  my  knowledge,  been  established  in  vju-ious  provincial  towns  in 
England ;  and  whilst  Ibeir  operations  are,  without  exception,  beneficial  in  regard  to 
the  occupants,  the  pecuuiarv  results  have  varied  considendily.  In  such  under- 
takings, competent  .--Ivill  nnh  -vvatfhfnl  ^^^p»'rvif^.ion  are  rao^t  important  elements 
of  success.  In  order  to  show  what  may  be  done  with  sound  judgment  and  care- 
fill  management,  X  instance  one  example,  in  addition  to  thoee  alieady  given  j  and 
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as  that  is  taken  £nom  Scotland,  I  may  obsono  tliat  the  urgent  necessity  for  foclL 
elTnrts  is  aa  great  in  tlie  two  sister  kingdoms  as  it  is  in  England. 

Tlie  Pilrig  Model  nuiUlinrrs,  nenr  Leith  Walk,  Ediiibiui^h,  were  eommnticed  in 
18^ ;  they  consist  of  forty-lour  dwellinp  in  thrtse  blocks,  with  access  on  both  sidus, 
the  upper  floor  tenom^tsDeiag  approached  from  the  opponte  side  to  thi^  on  which 
the  ground  floor  tenements  are  entered.  The  greatest  eoonomy,  consistent  with 
fitnoas  and  durability,  was  maintniried  in  the  construction,  so  that  the  tntjil  co*<t  of 
the  forty-four  houses,  including  drains,  &c.,  was  only  £4052  16«.  Ud,  being  on  an 
ayerage  about  £92  per  bouse,  with  scarcely  any  o]ctras.  The  rent  of  the  whole  is 
£808  19/».  Od.,  varjmff  firam  £5  5$.  per  house  up  to  £9  16«.,  one  half  of  them  not 
exceeding  £G  G».  per  liouw.  Ili^rher  ront.'^  niiulit  have  been  charfrfHi  had  not  tho 
committee  deairoa  to  benefit  a  class  of  peraous  who  could  not  ailbrd  to  pay  moiv. 
After  deducting  all  expenses,— feu  dnl^  £23 14s.  lOd. ;  insonmce  £6 13s.  6(t ;  mtee 
and  taxes  £13  11a  Sfo. ;  repairs  £18  4s.  7d  $  management  €21  Cm.  and  paying 
a  dividend  of  5  por  cent,  (less  inrnmo  tnx)  amounting  to  £196  Hk  i'ni, — a  balance 
of  £30  13s.  Id.  was  Inst  ynar  added  to  the  sinking  fun<^  from  which  simdrv  expensusy 
flttdh  as  painting  and  [)  a  pL-riug,  are  dofimyed.  This  fimd  now  amomits  to  about  £160l 
Having  had  the  opportimity  of  seeing  these  houses  when  returning  from  the 
Aberdeen  Meeting  inst  year,  I  refer  to  tlu'ni  with  ]il»:'n5uro,  as  in  nmny  rt^pect* 
worthy  of  imitation,  and  am  not  surprised  at  hearing  that  the  demand  for  them  is 
generaUjy  at  least  riz  times  equal  to  the  supply. 

The  wets  given  thus  far,  rcfor  exclosively  to  buildings  in  towns  :  with  regard  to 
country  difltriots,  in  which  tlicre  is  an  cfjual  nt  ofssity  for  exertion,  the  number 
of  improved  cottugi;s  built  by  landed  proprietors,  as  well  as  by  other  largo  em- 
plo^^era  of  working  people,  such  as  manu&ctorerB,  railway  and  other  public  com- 
paniesiy  owners  of  collii  rioB,  mines,  quarries,  Ac,  has  A\-itnin  the  paat  twelve  yean 
been  very  considerable  j  and  it  is  to  the  incrensed  ft'('liii<r  of  n^sponsibility  in  this 
respect,  m  well  as  to  more  eolanred  views  of  their  own  interest  on  the  j[Murt  of 
employ  ers,  that  we  must  mahily  look  for  tiie  much  needed  improTement  in  the 
domiciliary  condition  of  our  runl  population,  and  of  those  whose  industrial  em- 
ploymonts  aro  remote  from  towns. 

tn  thus  saving  1  do  not  foiget  that  in  many  places  Benefit  Building  Societies 
preaent  a  useful  machinery  for  enabling  the  workW  daases  to  obtain  improTed 
awelUags,  and  tiiat  much  good  may  result  from  judicious  advice  given  to  their 
members  in  the  selection  of  such  plans  as  will  otmblo  them  to  obtain  a  healthy 
and  convenient  home.  In  many  pWed  on  the  Continent,  societies  have,  within 
the  past  tan  yciu-a,  bean  ibxmed  by  philanthropic  persons  to  build  suitable  housea 
for  working  people,  and  likewise  to  afford  facilities  which  enable  liieii  ooeimiersy 
by  small  ni'riodical  payments  in  addition  to  the  rent,  to  become  tlip  owners  of  th^ir 
own  dwellings  j  the  parties  who  advance  the  money  being  satisfied  with  4  per 
oent  interest,  and  the  security  of  a  siiddng  fund  to  pay  off  the  capital  Such 
buildinp  act  a.s  a  savings'  bank,  promoting  sobriety  andhahits  of  forethought 

The  beneficial  ( fK-cts  residting'  from  a  diffusion  of  sanitsm'  lvno\vled£ro  nmon;rPt 
the  working  population  generaUy,  auu  the  importance  of  their  being  led  to  under- 
atand  and  feel  now  greatly  they  are  personally  interested  in  the  possesrion  of  a 
wholesome  dwelling,  ought  on  no  account  to  be  overlooked  by  thoae  who  seek  to 
promote  this  object,  (treat  evils  whieli  have  arisen  out  of  the  -i'  lflj^h  systom, 
puxsued  in  some  close  parktuiSf  of  pulling  down  cottages  in  order  lo  obtain  relief 
from  a  burden  which  is  thereby  thrown  on  a  ndi^bouring  parish,  loudly  call  for 
ltMrl;,l,itive  interference. 

In  reirnrt!  to  populous  towns,  and  the  metropolis  more  especially,  the  facta  Avhieb 
have  bv;eu  stated  lead  to  the  concluaiuu,  that  the  evils  of  overcrowding  which 
tesult  from  a  demolition  of  larire  masses  of  dwellings  <tf  the  working  classes,  e^cted 
for  the  caanring  out  of  ^)ii])lic  imjirovement.'*,  can  only  bo  prevented  by  a  parlia- 
mentary eniorcement  ol  tie-  constriictioti  of  suitable  Imudiiijr^  in  tlio  place  of 
those  destroyed.  A  suindiiig  order  of  the  House  of  Lords  for  the  investij^tion  of 
such  cases  exists,  but  it  appears  thus  far  to  have  been  pnctically  a  dead  letter. 

Whilst  the  prt'ssimj  consoquent  on  these  destructions  i?»  felt  by  all  classes  of  the 
workinn-  population  within  their  inlhienr  fart^  have  b.  en  brou^'ht  t(i  lij^dit  by 
experience,  which  conclusively  prove  that  no  etforts  of  societies,  or  of  individuals, 
can  vemedy  the  existing  state  oi  wxetehedness,  which  Is  a  conaequance  of  sanitaiy 
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defects  and  of  overcrowdinff  in  tiio  lowest  class  of  dwellings.  Nothing  can  eftect 
this  much-neoded  remedv,  but  tlio  extension  to  all  tenements  in  towns  and  thickly 
populated  neighbourhoods,  which  are  let  at  low  weekly  rentfly  of  such  legislative 
interference  as  is  universally  admitted  to  linvo  been  of  the  gront'  st  Ijoiu  iii  in  the 
OASO  of  common  lod^iug  houses.  Within  the  limited  j  uiiadiction  of  the  (Jorporation 
autborities  m  the  City  of  London,  mtch  a  power  was  confiaRed  in  1851 ,  and  it  is  j  udi- 
oioiiidyexerciBediuidfcr  the  supervision  or  the  Medical  Oilicerof  Ilealtli,  lo  the  great 
benefit  of  the  poor,  and  with  n  ninrked  (liininution  in  the  returns  of  mortalityi 
which  have  fallen  since  that  datt;  fruui  20  to  2;i  in  lOOOi 

In  the  eaae  of  all  new  buildingA,  proper  draiuige  should  he  emfoieed  by  authority, 
prior  to  their  commencement ;  the  want  of  it  is  a  most  fruitful  source  of  wcloiesai 
and  confM»quent  expense  to  the  pahlic. 

in  tho  preceding  notes  my  aim  has  been  to  draw  only  such  conclusions  as  are 
fiiUy  supported  by  the  &ota  adduced.  I  caanoty  however,  oudt  glancing  at  this 
^^ul))cct  from  one  other  point  of  v  iew,  and  that  the  moat  important  in  which  it  can 
be  presented  for  consideration,  its  bearing?  on  our  fellow-creatures  as  moral  and 
accountable  beings.  The  experience  of  a  right  rev.  prelate^  when  formerly  rector 
of  St  Giles-in-tfie-Fields,  one  of  the  most  thickly-populated  and  poverty-struck 
parishos  in  London,  nmst  pivo  pcculinr  wei;«^lit  to  tho  following  worda :  "The 
physical  circumstances  of  the  poor  paral\\-o  all  the  efforts  of  the  clergyman,  tho 
schoolmaster,  tho  scripture  itjudcr,  or  the  city  missionary,  for  their  spiritual  or  their 

moral  welfare  Every  e£fort  to  create  a  spiritual  tone  of  feeling  is  ootmteraotedby 

a  set  of  phypicfd  circumstances  which  are  incompatible  with  the  exercise  of  common 
morality.  Talk  of  morality  amongst  people  wno  herd,  men,  women  and  children 
together,  with  no  regard  of  age  or  sex,  m  one  narrow  contiued  aptutmeut  I  You 
might  as  well  talk  of  Heaulin<^M  in  a  sty,  or  of  limpid  purity  in  the  contents  <^a 
cesspool  I" 

Our  prisons  are  no  longer  hot  beds  of  fever*  and  of  moral  contagion  as  thoy 
formerly  were;  may  it  not  be  a^ked  in  this  Association,  whether,  with  the  advance 
of  ecienoe,  the  reproach  to  which  England  is  justly  amenable  on  account  of  t  he 
domiciliarj-  state  of  our  Inbourinp-  population,  ought  not  to  Ijo  efiacod  ?  and,  whilst 
self-interested  motives  might  be  urged  oumany,  tho  divine  command,  thou  shalt 
love  thy  neighbour  as  thyself^"  lays  a  serious  responsibility  on  all  who  have  it  in 
their  power  to  promote  an  obiect  so  indispensable  to  the  well-being  itS  our  pooler 
neighoouzs* 


MECHANICAL  SCIENCE. 

Thk  President,  in  (vpening  the  business  of  the  Section,  took  occasion  to  refer 
to  the  great  loos  MecEaniciii  Sdenoe  had  sustained,  since  the  last  Meeting,  in  the 
deaths  of  Brunei  and  Stephenson.  He  then  made  some  brief  remarks  on  the  recent 
progress  of  Mechanical  odenoe^  especially  in  the  use  of  heat  to  produce  motive 
power. 


On  the  Mechanical  Effects  of  combining  Smpennon  Chains  and  GMer^and 
the  Value  of  the  Practical  ApplicatUm  cfthia  SytUm  (UluUretted  bff  a  ilfb- 
dd).  ^  P.  W.  Barlow,  i^.i2.iSr. 


On  Uifled  Cannon.    By  Captain  Blakeley. 
The  wnter  remarkeoy  that  to  make  an  efficient  rifled  gun,  no  more  was  needed 
than  to  copy  any  good  small  rifle  in  the  number  and  shape  of  the  gioovos,  degree 

of  twist,  and  other  details,  provided  one  difficulty  wn«'  (»verr{mie,  viz.  tlint  of 
making  the  baiitjl  strong  enough.  Taking  Su'  W*.  Armstrong's  »U-pouudur  as  a 
standard,  Capt  Blakeley  gave  several  examples  of  large  rifled  cannon  on  the  model 

*  At  thebtaek  swiaes  held  le  Oxford  in  July  1577,  the  gaol  fever  spread  from  the  prisoners 
to  the  couit,  and  within  two  days  bad  killed  thcjudge.theaheriflvteveraljusticetorthe  pesce, 
most  of  the  jury,  as  well  as  agreat  number  of  lbs  audience  and  ahcrwardtaprsadamoogit  the 

inhabitants  of  the  town. 
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of  successful  small  ono«,  which  had  jrivcn  ;  ;iti:>fttctorv  results  in  e^err  ^vav.  except 
that  they  had  fnikd  idler  a  short  tiuie  for  wuut  of  elreugih.  Mr.  J.  Lawreuce,  in 
1865,  rifled  a  6^-iiich  g:itn  with  three  shallow  brood  grooves,  like  an  Enfieldi  tnd 
fired  a  lend  and  zinc  bullet,  liko  thn  Enfu  ld.  At  an  elevation  of  tP,  the  range  was 
2<K10  yards — loO  mnrf  than  Sii  _\\  .  Annstronjr's ;  but  the  ^in  burst  after  about 
60  rouiuls.  Mr.  Whitw  uiili,  tUur  making  some  excellent  nmall  arms  and  nine- 
poimders,  tried  a  lai^e  gun  with  4  inches  bore,  and  sides  0  inches  thick;  bat 
it  burst,  llf  tlu'ii  tried  aiiothrr,  11  iiu  lies  tbiclv,  niid  it  too  burst.  lie  Imd,  how- 
ever, since  made  a  .'•triiii^t'r  caimou,  whi>se  mcn^m  was  absolute  proof  that  the  on*? 
thing  wanting  iu  the  other  was  strength.  Capt  Hlakelev  explained  liis  ovm 
method  of  obtaining  stiength,  which  cou8ii>ts  simply  of  building  up  the  gtin  in 
conceiitrir  tubes,  ench  conTpre.«sing  that  within  it.  Bv  tins  means  the  ntniin  is 
diffused  tliroupbnut  the  whole  thic  Kno«s  of  the  metal,  and  the  in-^ide  not  unduly 
strained,  aa  iu  a  hollow  cylinder  made  in  one  piece.  As  the  whole  ellicacy  of  the 
system  depended  entifelj  on  the  careful  adjustment  of  the  eiM  of  the  layers,  Capt. 
Blakelev  said  he  w'ft.<5  not  astonished  that  Sir  W.  Annstnmpr  had  la'tely  faik-d 
utterly  m  his  atteni])t3  to  carry  it  out,  Weause  he  did  not  put  on  the  outer  layers 
aud  rinjgs  with  any  cjdoulnted  degree  of  tension  ;  •'  they  were  simply  applied  with 
a  sufficient  diffen'ucc  of  diamt  ter  to  secure  effectual  shrinkage,"  to  quote  his  own 
words  ftt  the  Institution  of  Civil  l-'n^rinecrs.  To  show  that  the  late  fuilui-e  by  -Sir 
W.  Armstrong  did  not  disprove  his,  Capt.  Bhdicley's,  theory,  he  quoted  otlicial 
reports  of  a  trial  of  a  nine-pounder  made  by  himself  iu  18oo,  which  showed  au 
endniance  aerenfold  that  of  an  iron  service  gun,  and  threefold  that  of  a  brass  gun, 
as  well  n?;  of  an  8-inch  gun,  from  which  bolts  weighing  4  cwt.  luul  been  tirr-d,  and 
of  a  10-iueh  guu  which  had  discharged  bolta  weighing  52<5  lbs.  Mr.  \\  hiiworth  s 
luisi  new  80-poimder  was  another  instance  of  the  successful  application  of  (.'apt. 
Bhikelej*8  principle.  To  quote  Mr.  Whitworth's  oivn  words, — It  was  made  of 
homogeneous  iron.  Upon  n  tube  having  an  external  toper  of  about  one  inch,  a 
series  of  hoops,  each  about  20  inches  long,  were  forced  by  hydraulic  pressure.  Kx- 

J>erimeuts  had  enabled  him  to  determine  accurately  what  amount  of  pressiu^  eath 
loop  would  bear.  All  the  hoops  were  put  on  with  the  greatest  amount  of  prej*j«uio 
they  would  with.stand  without  beinL'  injured.  A  second  series  wn.s  forci-d  over 
those  hrst  tixed."  This  gun  was  so  nmde  at  Capt.  Blakeley's  suggestiim,  except- 
MQg  that  the  lingp  were  put  on  too  tight,  which  might  prove  a  cause  of  weakness. 
The  method  of  nfling  adopted  by  Capt.  JUakeley  cannot  be  made  intelligible  \«ith~ 
out  a  dingmm ;  but  it  may  be  (h.'si  iilji  d  a^  n  series  of  grooves  of  very  .-hallow 
depth)  so  arranged  as  to  exert  a  maximum  force  iu  the  direction  of  the  rotation  of 
the  bullet  with  a  minimum  force  in  a  radial  or  bui-sting  dii-ection.  Capt.  Blakeley 
exhibited  iu  the  court  of  the  building  in  which  the  Section  met,  a  oG-pounder^ 
constructed  on  his  o^\n  [tlun.s,  from  which  he  had  thrown  shells  to  a  distnrifp  of 
27UO  yards,  with  only  6"^  of  elevation,  which  was  stated  to  be  a  xaoge  iiOU  yards 
greater  thau  that  of  ^xs  W.  Ana^tEong'a  t)0-pouudcr. 


On  a  dap  Sea  Pressure  Gavqc,  invented  by  Plenry  JohiiiOii»  Eaq. 

Head  hxj  Ihv  Hev.'Dr.  Rc^oth,  F,R  S  ,  St. 

In  deep  sounding  the  pressure  i.s  too  intense  to  admit  of  measurement  by  thecom- 
presbiou  of  any  highly  elaatic  iluid  in  a  femall  portable  instruroeul.  Water,  howcTer« 
possesses  a  slight  degree  of  elasticity,  and  an  inetmment  recordiog  the  compreMica 
of  an  ibolnted  portion  of  water  hy  the  pressure  of  the  sea«  will  show  the  cunpresaion 
of  the  water  at  the  depth  to  whii  li  it  lia.s  Lcen  lowered. 

Mr.  Canton,  who  in  1761  comuiunituttd  h\6  observations  to  the  Uoyal  Society, 
found  in  water,  compressed  under  a  glass  receiver,  by  the  pressure  of  an  additional 
ntniosphere,  a  diminution  in  hiilK  Kji  al  to  one  part  i/i  21,740;  and  in  water  placed 
under  a  receiver  a  simihir  expansion  when  the  air  in  the  receiver  was  e.xhAustrd. 
Mr.  t'erkins,  more  rccenMy,  lound  a  diminution  of  bulk  of  «'olhs  la  water  under  a 
pressure  of  1190  atmospberet.  llie  theory  of  increased  pressure  at  great  depths  is 
corroborated  by  a  very  interesting  experiment  made  by  the  distinguished  voyager 
Rear-Adnilral  Sir  Jante-^  Clark  Ro.'=?,  whtj  lowered,  to  a  great  depth,  a  bottle  fitttd 
with  a  tube,  with  a  tork  buspended  so  us  to  enter  the  lube,  if,  as  anticipated,  the 
water  in  the  bottle,  condensed  under  heavy  pressure,  should  expand  upon  the  raising 
of  the  bottle  and  the  removal  of  the  pressure.  Upon  the  return  of  t&e  bottle  to  the 
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suiTacD,  it  was  fuund  that  the  cork  had  been  forced  some  distaiicc  along  the  tube,  and 
the  amouutuf  coropression  and  of  subsequent  expansion  wi-ie  thus  roughly  estimated. 

The  pressure  gauge  exhibited,  way,  in  its  present  form,  be  considered  as  a  small 
hydraulic  press ;  of  which  the  ram  is  furcod  iiiio  the 
cylinder  by  the  increasing  pressure  of  the  sta  when 
Biuking,  and  expelkd  by  the  expansion  of  the  water 
in  the  cylinder  when  rising.  It  consists  of  a  small 
tube  or  cylinder  having  at  one  end  a  tap  through 
which  water  is  admitted  ;  the  tap  having  in  addition 
to  the  opening  admitting  water,  a  smaller  opening 
for  the  escape  of  air.  At  the  other  end  of  the  cylin- 
der is  a  packing-box,  through  which  a  round  l)oIt  or 
solid  piston  passes.  A  scale  by  the  side  of  the  pis- 
ton contains  the  degrees  of  compression,  and  an 
index  at  the  further  end  of  the  scale  is  drawn  along 
the  scale  by  the  (>iston  when  forced  by  increasing 
pressure  into  the  cylinder,  and  secured  by  a  spring 
in  its  portion,  wliere  it  remains  when  the  piston  P<^1 
is  pushed  back  by  expansion  of  water  in  the  cytinder 
tn  its  former  position.  The  scale  and  index  arc  pro- 
tected by  a  tube  screwed  on  to  the  cylinder,  and  the 
cylinder  is  protected  from  the  risk  or  indentation  by 
an  outer  tube.  In  an  experimental  inbtrumenr  ilie 
packing-boshos  remained  water-tight  undertbe  appli- 
cation of  a  pressure  of  1000  lbs.  to  the  square  inch  on 
tiie  piston ;  so  that  the  isolation  mav  be  considered 
sufficiently  perfect,  as  in  actual  use  this  pressure  on 
water  in  the  cylinder  would  be  counterbalanced  by 
the  external  pressure  of  the  ocean.  The  packing-box 
is  just  large  enough  to  admit  the  packing,  which  con- 
aists  of  vulcanized  caoutchouc  rings,  stretched  upon 
the  piston,  and  consequently  adhering  closely  to  it. 
A  moderate  application  of  the  packing- box  screw 
presses  these  rings  against  the  packing-box,  and  a 
perfect  isolation  of  the  water  in  the  cylinder  is  thus 
obtained.  A  slight  lubrication  of  the  rings,  by  the 
addition  of  a  small  quantity  of  lard  between  them, 
renders  the  amount  of  friction  attending  the  motion 
of  the  piston  very  trilling. 

In  ascertaining  the  pre^^sure  of  water,  the  amount  ^ 
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of  friction  overcome  should  be  added  to  the  com- 
pression recorded  by  the  index,  to  obtain  the  total  (j_6pcuiug  in  Tap  kn-  admission 
amount  of  pressure.    Some  portion  of  the  diminu-         of  water, 
tion  of  bulk  will  probnMv  be  occasioned  by  variation  D— Opening  in  Tap  for  etcspe  of 
of  temperature,  and  which  causes  a  greater  variation  air. 
in  hoik  at  high  temperature.  As  4000  parts  of  sea>  Packing-box. 
water  at  the  temperature  of  86°  Fahrenheit,  con-      Packing-box  Screw, 
tractcd  to  39S7  parts  at  the  trmperaturc  of  65°,  ^ — Piiton. 
heingi^So  parts  for  21°;  while  from  the  tempera-  H— 3«a!e  of  compresrion. 
tore  of  65«  to  35«.  the  diminution  to  3977  parts  Indw* 
was  only  at  the  rate  of         parts  for  30^,— the  expansion  and  contraction  of  the 
cylinder  by  variation  of  temperature  counteract  tlie  variation  of  water  to  a  very  small 
extent,  being  about  ^i^i^th  parts  for  40°  Fahrenheit. 

The  experimental  instrnrornt  indicates  a  compression  of  about  one  part  in  20,000 
per  atmosphere  (estimated  at  15  lb;*.)  at  the  temperature  of  60°  Fal  rt  nheit. 

The  experiments  will  be  varied  by  the  uk-  of  a  glass  bulb  Avith  a  long  stem,  finely 
graduated,  with  a  stopper  of  vulcanized  caoutchouc,  and  in  the  tube  an  elastic  ring 
which  is  poshed  during  compression  by  the  stopper  towards  the  bulb,  and  remains 
to  mark  the  degree  of  compression. 
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On  Road  Locomotives,    "By  the.  Earl  of  Caithness. 

The  author  referred  to  what  had  hitherto  been  done  in  this  direction,  and  the 
hnportanee  of  attention  being:  ^ven  to  the  constniction  of  them  as  feeders  to  the 
Railway  sv'stonL  He  described  theamngement  adopted  in  one  which  he  had  had 
built  for  his  own  u?e,  and  which  wa«  succp.'»''ftil.  'I  carriage  wai»  exhibited  in 
actioui  and  made  several  tripa  in  the  street  under  hid  Lord^ip's  guidance.  In  the 
dieeittnon  which  to6k  plaiie^  gtcat  streM  was  laid  on  the  im^rtance  of  Parliament 
redocinjr  the  tumpili*  tolls  in  respect  of  encli  eairiagee^  which,  in  lealilj,  were  in 
no  waylnjimous  to  the  road, 


On  Water  Meters,  By  David  Chadwick,  Assoc.  Inst.  CJ^.,  3T(mche»ter. 
AftoT  pointing-  out  the  defects  in  some  of  the  water-meters  at  piTs<'iit  in  use,  ho 
describbU  the  hi^rh-prossure  piston  water-metor  of  Me.sars.  Chadwick  and  Frost, 
which  obyiated  tneee  defects,  and  secured  the  convct  measurement  of  water  at  aU 
prr>s?uros  and  vflocities  of  di-chur^e,  witlniiit  tlic  use  of  tuiiil)Hn;.''-lcA"cr«, '^priiiir*, 
or  hexible  diaphraj^nns^  by  a  more  compact  and  simple  arrangement  than  any  other 
piatou  meter;  but,  without  a  diagram,  it  would  be  impossible  to  make  its  con- 
atniction  intelligible. 


A  New  Mode  <f  oUaimnff  a  Blast  of  very  High  TempmOuft  tn  <le 
Mttnujacture  of  Iron,        £.  Cowper. 

The  blaat  is  obtainrd  liv  an  adaptation  of  tho  principle  of  Siemens's  regt?nerative 
funiarps.  A  hot  blast  of  a  temperuiure  of  l.MK)'  ralmniln  it  can  readily  be  obtain.-d. 
and  thi*  without  the  destruction  of  iruii  tubes*- -the  substance  used  in  contact  witli 
the  air  bein^^  the  most  refractory  fire-brick.  Thie  mode  of  obtaining  a  blast  wae 
in  Riccc.-'sful  (tpcTntinn  at  M<  s>rs.  Cochran's  iron-works.  The  temporaturf  of  tho 
bljwt  could  b»'  rc^ndated  to  auy  required  dPLrree.  The  heat  might  b©  obtained  with 
far  greater  economy  than  by  any  method  hitherto  known. 


The  Cylindrical  Spiral  Boiler.    By  John  Elder. 
[A  communication  ordered  to  be  printed  cutirc  iti  tlic  Transactions  of  the  Sections.] 

The  object  of  the  construction  of  this  boiler  is  to  ohtain  n  form  with  all  the  useful 
properties  of  the  simple  cylindrical  high-pressure  boiler  ou  shore  adapted  to  steam- 
ships. 

The  following  advantages  appear  to  be  attained  over  the  oidinaiy  marine  boiler* 

namely : — 

1.  A  form  of  boiler  capable  of  carrying  higher  prcstiure,  and  presenting  more 
beating  surface,  and  of  a  more  effective  'description  from  a  given*  weight  of  materiid. 

2.  A  boiler  capable  of  being  easier  cleaned  and  repaired  in  both  water  and  fire 
spaces. 

3.  A  boiler  capable  of  producing  superheated  steam  to  any  practical  temperature. 

4.  A  less  average  specific  gravity  of  water  whilst  working  at  sea  with  the  usual 
amount  of  feed  and  blow«off,  and  a  more  perfect  combustion  chamber,  and  better 
formation  of  flue  surface. 

5.  The  pressures  being  altogether  internal,  the  boiler  is  not  liable  to  collapse,  a 
danger  lately  ably  demonstrated  by  Mr.  Fairbairn ;  and  as  the  diameters  of  the  varioua 
cylinders  are  reduced  to  the  minimum  size  for  permitting  the  tradesmen  to  pass 
through,  clean  and  repair  them,  the  boiler,  when  formed  of  ordinary  thickness, 
possesses  enormous  strength  without  stays. 

6*  The  eipense  of  the  toiler  per  square  foot  of  heating  surfoce  is  about  the  same 
as  that  of  me  ordinary  boiler,  and  is  capable  of  carrying  five  times  the  pressure. 

The  general  construction  of  this  boiler  is  as  shown  m  the  accompanying  plans, 
and  as  follows ; — 

There  are  twenty-four  round  boilers  or  tubes,  of  not  less  than  nineteen  inches  in 

diameter,  twenty-two  of  these  forming,  when  bound  together,  a  cylindrical  vertical 

shell  ;  the  twentv-third,  a  centre  boiler  concentric  to  that  Bhell ;  and  the  twenty- 
fourth,  a  spiral  coil-boiicr  winding  spirally  lound  between  the  centre  boiler  and  those 
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composiog  the  circumference  ihen :  these  boilers  contain  the  water,  and  the  spaect 

between  them  the  fire. 

The  feed  water  pasaes  first  into  the  spiral  cuinpartmcnt,  or  No.  24,  and  from  it 
into  the  centre  compartment,  or  No.  23,  and  then  into  each  in  rotation,  and  blows 
off  at  the  last  compartment,  or  No.  1,  thos  rendering  the  water  in  No.  24  nearly  pore 
se.i-wntcr,  and  gradually  from  compartment  to  compartment  more  dense,  till  it  blows 
oti  ut  No.  1  at  the  usual  density,  and  thus  makes  the  average  specific  gravity  of  the 
water  less  than  usual. 

The  twenty-two  oatside  boilers  are  24  feet  long,  19  inches  diameter,  and  -^V  of  an 
inch  thick ;  the  bottom  ends  are  conical  for  3  feet,  and  kneed  outwardly  to  give  a 
larger  diameter  of  furnace,  say  12  feet  diameter.  'I'here  ia  a  furnace-door  for  every 
alternate  tube,  or  say,  tfkveu  furnace-douru,  equally  divided  round  tiic  ba^c  ot  the 
boiler,  giving  great  facility  to  the  firemen  for  doing  their  work  efficiently.  In  firing 
it  U  proposed  to  charge  all  the  fresh  coal  round  the  circumference  of  the  fire,  in  order 
that  the  hydrogen  of  the  coal  may  be  consumed  separately  from  the  carbon  ;  unci  as 
the  furnace  has  great  altitude,  the  combustion  will  be  completed  m  vertical  dames 
from  the  coals,  and  will  thos  prevent  the  carbonic  add  gas,  given  oat  from  the  com- 
bustion of  the  cart)on,  coming  so  much  in  contact  with  and  preventing  the  OOCIl* 
bustion  of  the  hydrogen,  as  h  usual  in  ordinary  furnaces. 

The  centre  compartment,  ur  No.  23,  is  30  feet  long,  34  inches  diameter,  and  ^  of 
an  inch  thick,  with  3  feet  at  the  bottom  and  top,  conically  reduced  to  18  inebca 
diameter,  forming  a  man-hule  door ;  the  upper  end  of  this  vertical  tube  forms  a 
reservoir  for  the  steam  of  the  whole  twenty-four  compartments,  and  acta  as  a  super- 
heating apparatus,  and  may  be  carried  up  the  funnel  to  the  extent  necessary  to 
eoperheat  the  steam  to  400  degrees;  the  steam- pipe  is  taken  from  the  top  of  this 
boiler  to  the  safety-valve  chest,  fastened  on  the  front  of  the  boiler  low  down,  which 
serves  as  a  water-trap  during;  the  discharge  from  the  safety-valve  chest,  the  steam- 
pipe  to  the  engines  being  taken  off  the  same  pipe  at  a  higher  level  than  the  escape 
steam.  The  spiral  compartment,  or  No.  84,  is  abont  100  feet  long,  34  inches 
diameter,  and  |  of  an  inch  thick,  made  of  b^t  iron  boiler  plate ;  the  ends  are  conical 
for  3  feet,  formed  into  man-hole  doors;  this  spiral  boiler  makes  four  or  five  con- 
volutions close  round  the  centre  one,  and  ia  bound  close  to  the  circumferential 
bmlers  by  hoUow  stay-bolts,  and  fastened  to  the  centre  one  at  each  end  only ;  in  the 
same  manner  the  steam  and  water  flow  through  the  whole  boiler  by  these  hollow 
stay-bolts  or  rivet>,  and  complete  the  entire  circnhtion  of  water  and  steam  ;  the 
whole  of  these  twenty-four  compartments  or  boilers  terminate  at  the  bottom,  about 
1  foot  bdow  the  fire-grate,  and  are  supported  on  six  stanchions  firom  the  ash-pit 
beneath,  making  a  free  passage  for  the  air  under  the  great  bar ;  the  circumferential 
compartments  or  boilers  terminate  at  the  top  6  feet  above  the  fehif>'3  deck,  and  have 
each  a  man-hole  door  forming  the  cover;  the  funnel  is  made  conical  at  the  bottom 
to  embrace  the  internal  diameter  of  the  boiler-shell  and  draw  off  the  smoke  in  ^e 
usual  manner :  this  completes  the  whole  boiler  proper ;  but  in  order  to  prevent 
radiation  of  heat,  a  thin  outer  rasinc;  of  iron  made  (9  inches)  clear  of  the  boiler  all 
round,  terminating  about  7  feet  from  the  stoke-hole  floor ;  and  iU)ovc,  at  the  level  of  the 
galley  or  fnnnel-hoose,  this  casing  is  lined  with  felt  end  thin  wood  to  keep  the  deck 
and  the  adjacent  parts  cool,  and  retain  the  heat.  The  twenty-two  straight  cylindrical 
boilers  or  compartments  are  constructed  in  the  sides  by  four  pintes  'it  feet  Ion?  and 
Iti  inches  broad,  rolled  to  a  Q^-inch  radius  curve  at  the  iron  works,  leaving  no  plate 
setting  for  the  boiler  maker  of  this  description. 

The  plates  of  boiler  No.  24,  or  the  spiral  compartment,  are  delivered  flat  by  tha 
iron-maker,  and  are  bent  to  the  spiral  curve  by  one  blow  of  a  lar?e  spirni  concave 
block  falling  upon  a  counterpart  convex  one,  prepared  by  the  constructors  of  ihe 
boiler.  This  operation  has  been  found  to  simplify  the  malking  of  thb  spiral  cylin- 
drical boiler  to  about  the  same  amount  as  the  straight  cyhndrical  boilers.  The 
conical  ends  are  bent  in  thcsante  mannrr  as  the  spiral  plates,' and  the  whole  work  of 
nlate  bending  is  reduced  as  far  as  possible  to  machine  work.  The  products  of  com- 
bustion, after  leaving  the  flirnace,  have  to  travel  spirally  upwards  a  distance  of  100 
feet,  and  must  of  necessity  be  continually  rotating  during  that  time,  and  prevent  the 
possibility  of  any  portion  passing  off  without  being  brought  frequently  in  contact 
Willi  the  heating  surface  of  the  boiler ;  and  will  therefore  be  cooled  down  to  the 
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mialmum  temperature  compatible  with  a  given  amount  of  cooting  surface,  or  the 
greatest  qunnlity  of  heat  extracti-d  (Vmn  tl^e  prociucts  of  comhaitior^,  hrforp  their 
escape  to  the  atmosphere.  The  soot  forming  usually  inside  of  boilers  vvili  not  be  »o 
injuriont  in  this  arrangemeat,  as  it  will  fktl  down  through  the  external  crevieea,  and 
also  between  the  spiral  and  the  ceatre  boilen  into  the  forniiee  below«  and  be  thrown 
overboard  with  the  a^hos, 

Tiiis  spiral  coil  and  all  the  healing  surfacct  will  lieep  more  clear  of  flue  dust  thaa 
nsQal»  and  wilt  eonaequently  be  more  efficient  In  that  respect,  as  well  as  save  the 
usual  trouble  and  loss  by  sponging  experienced  in  the  ordinary  tubular  boilers  at  sea. 
Also  as  the  products  of  combustion  rnu>t  pass  off  at  the  rate  of  at  least  7  feet  per  secnn  l 
ia  this  as  in  the  ordinary  boilers,  it  will  take  upwards  of  14  seconds  from  the  time 
it  leaves  the  farnace  till  it  arrives  at  the  top  of  the  boiler;  whilst  if  the  boiler  were 
of  the  ordinary  tubular  ty[)e,  it  would  pass  in  about  two  seconds  alon^  the  whole 
heatini'  •  urfnce  nf  the  boiler;  the  gas  has  therefore  seven  times  mure  time  to  give 
out  Its  heal,  and  its  revolving  tendency  will  not  admit  of  the  same  strata  of  gas 
passiof  aloni^  passages  after  it  is  cooled  down,  as  is  the  case  with  the  ordinary 
boiler,  but  will  bring  tlie  hot  products  of  combustion  usually  occupying  tlie  centre 
of  the  tubes  of  a  tubular  boiler  in  contact  with  the  coolmg  surfaces,  and  reduce  the 
whole  products  of  combustion  to  one  temperature  before  entering  the  chimney. 

In  cleaning  the  salt  or  sludge  ont  of  these  boilers,  the  man-  and  sladge-hole  doors 
are  taken  off  the  top  and  bottom  (and  the  hose  witli  fresh  water  may  be  played  down 
through  from  the  top,  and  the  refuse  run  out  at  the  bottom).  The  man  in  charge 
can  also  pass  down  through  the  whole  boiler,  the  dimensions  necessary  for  this  pur- 
pose beiny  made  the  minimum  and  maximum  of  the  various  cotnpartmcnts  of  the 
boiler;  nnd  are  specially  constructed  to  maintain  to  the  engines  steam  at  much 
higher  pressure  than  usual,  in  order  to  admit  of  a  much  larger  amount  of  expansioo 
to  be  developed  by  the  engines,  which  arc  all  on  the  double  cylinder  expansive  pria- 
dplc.  The  constructors  are  now  making  the  boilers  for  three  steam-ships  on  diis 
principle,  two  of  which  are  for  carrying  Iler  Nlajesty's  mails  on  the  Pacitir  between 
Valparaiso  and  Panama  (as  described  by  the  writer  at  the  meeting  of  the  British 
AsKieiation  at  Leeds) ;  and  it  has  long  been  his  desire  to  be  able  to  construct  boilers 
for  marine  purposes  wtlhont  stays,  and  with  no  surface  exposed  to  the  collapsing 
tendency,  which  in  so  many  cases  has  been  the  cause  of  lo';^  of  life  aboard  of  steam- 
ships. The  boilers  now  described  have  no  large  llat  surfaces  and  no  stays,  the  whole 
tendency  of  the  pressores  being  to  inflate  the  boiler  plates,  and,  if  possible,  to  give 
tiiem  a  stronger  form ;  the  smallest  diameter  is  large  enough  to  give  access  to  the 
men  in  charge,  and  the  largest  diameter  34  inches  and  I  thick, — diment^ions  that  can 
carry  several  hundred  pounds  pressure  on  the  square  inch  before  rupture  could  take 
place.  Such  a  form  the  writer  adopts,  with  great  satisfaction  to  himself,  as  a  con- 
sti  ui^  t(  r  sending  machinery  abroad,  where  the  usual  form  of  boiler  gives  him  conai- 
derablc  anxiety.  In  comparing  the  construction  of  this  boiler  with  thn^  of  the 
ordinary  tubular  one,  in  the  latter  angle-iron  ribs  and  stays  now  compose  a  large 

fortion  of  the  weight  and  expense ;  contribute  no  heating  surfaces ;  and  if  one  stay 
reaks,  which  b  not  an  uncommon  occurrence,  the  next  is  frfaccd  in  great  danger  | 
and  if  it  gives  way,  the  whole  may  follow  in  rotation,  and  a  8criou<*  accident  be  the 
result.  In  the  former  boiler,  however,  the  plates  may  be  reduced  to  a  very  small 
anonnt  of  thickness  by  tear  and  wear  before  explosion'eould  be  expected. 

Having  thus  described  the  objects  of  the  spiral  boiler,  it  may  not  be  out  of  place 
to  give  the  following  statement  of  the  comparative  eva[>orativc  power  and  temperatures 
of  the  gases  in  the  furnace  and  chimney  of  the  spiral  boiler,  with  three  of  the  ordi- 
nary types  of  boiler  now  in  general  use. 

Fig.  1  is  a  vertical  section  of  the  cylindrical  spiral  boilers  as  fitted  on  board  the 
Pacific  Royal  Mail  Company's  steam-ships  'San  Carlos'  and  'Guayaquil,'  by 
Messrs.  Ilaadolph,  Elder,  &c.  Fig.  2  is  a  sectional  plan  of  the  same,  taken  near  the 
level  of  the  water-line  in  fig.  ] .  Fig.  3  w  a  verticid  elevational  view  of  the  same — 
the  exterior  casings  which  surround  the  circumferential  vertical  tubes  (and  which 
are  shown  in  figs,  1  and  '2)  bt  in'?  in  \h\^  view  removed. 

It  will  be  seen  from  tucsc  li^uics  that  tiicre  are  in  these  boilers  21  tubes  in  all, 
vis.  10  circwnfereatial  vertical  tubes,  1  central  and  1  spiral  tabe. 
The  three  types  experimented  upon  were«  first,  a  common  cylindrical  land  boiler 

Digitized  by  Goo 


TBANSACTIONB  OF  TUB  8B0TIOK8. 


207 


(figs.  1,  2,  and  3)  33  feet  long.  5  feet  G  inclu-s  diameter,  with  two  round  flues  19  inchos 
diameter  through  the  centre  i  this  boiler  had  40  feet  of  heating  surface  to  the  nominal 
horse-power  of  the  engine  :  the  two  6ue3  contained  20  feet,  and  the  shell  20  feet  per 
no  minal  hone^power ;  the  furnace  was  below  the  boiler  at  the  fore-end,  hail  a  fire-grate 
of  -2(3  square  fiH't ;  the  fire  passed  uadorneath  the  bjiler  to  the  opposite  tml  from  the 
furnace,  and  returned  along  the  sides,  and  then  p  isse  1  back  a.;uin  through  the  flues 
to  the  chimaey.  The  temperature  above  the  centre  of  the  tire  was  found  to  be,  upon 
one  oocftiioOf  32O0P(  at  the  top  of  the  bridge  1730^;  the  temperatare  of  the  gases 

Fig.  1.  Xlg.  2. 


gradually  reduced  ns  they  passed  back  the  remaining  length  of  26  feet  under  the 
boiler  and  along  the  aide  flues,  till  they  entered  the  centre  flues  at  1163^  and  left 
tbem  at  about  800^.  Thus  the  farneee  containing  a  snrfaoe  of  3  feet  per  nominal 
horse-powor  reduced  the  heat  about  1500^;  the  shell  of  the  boiler  behind  the  furnace, 
of  about  IS  feet  per  nominal  horse-power,  reduced  the  temperature  about  600°;  and 
the  flues  containing  a  surface  of  20  feet  per  nominal  horse  power  reduced  the  tem- 
perature ahoat  350°.  The  temperatares  of  the  gases  in  the  floes  were  found  to  be 
about  the  same  in  the  centre  as  at  the  top ;  but  at  the  bottom  of  the  floe  the  tempe« 
ratures  of  the  gases  were  at  the  fore-end  rather  less  than  at  the  top,  bnt  towards  the 


Fig.  4. 


Fig.  5. 


( 


-A 


baek  end  the  temperatare  of  the  bottom  of  the  fines  reduced  gradually  below  the 
temperature  at  the  top  to  the  extent  of  300°.  Upon  another  occasbn  the  tempe. 
raturc  over  the  centre  of  the  fire  was  found  to  be  3610^;  at  the  top  of  the  bridge 
173(f ;  and  the  different  temperatures  of  the  flues  were  as  indicated  in  fix.  1,  where 
the  average  temperatures  of  the  flues  at  B*  =  826°.  =  879°,  B  '  =  937°,  B'  =  959°, 
and  at  B  '  =  981**.  The  temperatures  at  the  top  of  the  flues  at  =s  982,  at  C*  » 1034°^ 
at  =  10S7.  The  temperatures  at  the  b  )lto:n  of  the  flues  at  A'  =  r)7l°.  A-  =  603°* 
A'  —  076\  iV  =  7(il'*,  A'  s=  822^  it  would  therefore  appear  that,  notwirhstanding 
the  large  amount  of  surface  in  this  boileo  the  evaporative  power  is  very  inferior,  as 
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Fig.  6. 


the  amount  of  hcftt  taken  out  of  the  gases  per  square  foot  of  heating  surface  i?  vcrv* 
small ;  and  that  the  natural  conclusion  is  that  the  gases  pass  along  in  straight  lines, 
and  only  the  thin  stratum  in  contact  with  the  surface  is  cooled  down.  In  the  rcsultt 
of  the  tikinl  boiler  (fig.  0)  three  timee  the  qaentitf  of  heetiiig  surface  wai  fooad  to 
redace  eix  times  the  quantity  of  gas  from  the  same  temperature  of  320(f,  to  a  tem- 
perature of  4800  instead  of  'sO(P,  showing  that  a  more  complete  turning  over  of  the 
gases  is  much  wanted  in  our  land  boilers.  The  water  evaporated  per  hoar  in  the 
lend  boiler  referred  to  wm  foond  by  meter  to  be  SOOO  Ibe.,  aod  the  coal,  beat 
Glasgow  quality,  found  to  be  300  lbs.  per  hour ;  making  about  61  lbs.  of  water  per 
pound  of  coal.  During  the  measuring  of  the  water  evaporated  by  the  meter,  indicator 
diagrams  of  the  engine  were  taken  with  a  view  to  cal- 
cnlate  the  weights  of  steam  by  the  ordinary  method,  and 
the  calculations  were  foond  to  agree  with  the  meter ; 
these  calculations  can  be  repeated  and  substantiated  at 
any  time.  The  second  type  of  boiler  tested  was  that  of 
the  ordUiary  steam-boat  horizontal  tntmlar  boiler  (fig. 
4) ;  the  example  chosen  was  one  in  a  first-class  ocean 
steamer;  the  temperature  of  the  furnace  was  found  to 
be  3200^,  and  the  inside  of  the  funnel  about  1 100^.  The 
heating  snrfbce  of  this  boiler  was  8S  feet  per  nominal 
horse-power,  and  the  water  evaporated  about  84  lbs.  per 
pound  of  coal,  according  to  the  calculation  from  the 
diagrams.  The  coal  consumed  was  about  20  lbs.  per 
square  foot  of  fire>  grate,  of  the  best  Glasgow  coal. 

The  next  example  taken  was  that  of  a  first-class  ver- 
tical tubular  boiler  (fig.  5^,  on  Afr.  David  Napier's 
principle,  now  universallv  selected  on  the  Clyde  for  river 
This  bmler  nad  a  sorAiice  of  about  32  fttt 


per  nominal  horse-power;  the  temperature  of  the  fire 
was  found  to  be  about  3300^  and  in  the  funnel  1 1C0°; 
the  weight  of  water  evaporated  was  found  by  calculation  to  be  8|  lbs.  per  pound  of 
coal  consumed,  and  the  weight  of  oomboation  about  twenty  pounds  aouare  foot  of 
fire-grate.  In  the  spiral  boiler  (fig.  6)  of  the  '  San  Carlos,' '  Guayaquil/  and  '  Print 
van  Orange'  the  boilers  were  found  to  give  the  following  peculiar  results :— first, 
that  even  with  Scotch  coal  there  was  no  smoke  emitted  from  the  chimney,  and  no 
carelessness  on  the  part  of  the  fireman  seemed  to  occasion  the  formation  of  smoke; 
second,  that  the  boilers  showed  a  bright  furnace,  indicating  first-class  draught;  the 
temperature  of  the  funnel  was  found  to  be  480°,  whilst  the  fire  was  at  its  greatest 
energy.  The  heating  surface  was,  in  the  case  of  the  '  San  Carlos '  and  '  Guayaquil,' 
2200  square  feet,  the  coal  consumed  1400  lbs.  per  hour,  and  Uie  water  evajwratcd 
11  lbs.  per  pound  of  coal  consumed;  the  fire-grate  contained  about  76  sqnaitefeet, 
and  the  rate  of  combustion  about  twenty  pounds  per  square  foot  of  fire-grate.  The 
heating  surface  of  the  boiler  was  18  feet  per  nominal  horse-power;  the  coal  consumed 
was  Glasgow  best  steam  eoal.  The  stoke-hole  was  found  to  be  remarkably  cool, 
and  the  boiler,  which  was  loaded  to  52  lbs.  on  the  square  inch  steam  pressure,  and 
tested  to  150  lbs.  on  the  square  inch  water  pressure,  was  found  to  be  perfectly  tight 
In  the  case  of  the  '  San  Carlos,'  1  may  mention  that  that  ship  has  now  steamed  about 
20,000  miles,  and  the  veesel  has  not  been  in  anv  one  port  more  than  three  days ; 
dniing  Uiat  time  ahe  has  been  consuming  soft  Chili  coal  for  a  considerable  part  of 
her  voyage,  and  the  merits  of  the  long  flue  bhow  a  decided  advantage  in  this  boiler 
over  the  ordinary  tubular  boiler  fur  the  native  bituminous  coal  of  South  America. 

In  order  to  give  a  more  extended  form  of  the  comparative  evaporative  power  of 
Tarions  fines  and  tubular  boilers,  the  writer  begs  to  lay  before  this  Association  fibe 
accompanying  Table.  It  shows  several  proportions  of  heating  surface  and  evapora- 
tive powers  of  several  ships  that  have  come  under  his  notice,  lie  can  certify  the 
accuracy  of  most  of  these  particulars,  except  that  shown  in  the  last  column,  iHiidi 
is  taken  from  Professor  Rankine's  report  on  the  performance  of  the  'Thetis.*  Ihis 
vessel  has  about  six  times  more  heating  surface  in  her  boilers  in  proportion  to  the 
coal  consumed,  than  any  example  the  writer  is  aware  of.  The  boiler  is  Craddock'i 
patent  boiler,  though  that  inventor's  name  appears  rarely  to  be  mentioned  in  coo- 
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nexlon  with  the  said  vessel.  Efficient,  however,  as  this  boiler  must  be  as  Ml  CVOfKH 
rator,  it  cannot  posHihlv  accoiiinlish  tbe  quantity  shown  in  this  Table. 

I'he  theoretical  quautuy  of  water  capable  of  beiag  heated  from  90^,  and  evaporated 
ftt,  eay  218°,  with  «a  infloite  quantity  of  heating  surface  and  a  perfect  fire,  is  some- 
where about  13^  lbs.  per  pound  of  coal;  wliilst  from  the  dia2;rams  rrprcsentcd  ia 
Professor  Rankine's  report  of  the  'Thetis'  performance,  18  lbs.  weight  appear  to 
be  about  the  quantity  of  water  per  pound  of  coal.  This  calculation  I  have  made 
from  the  diagrams  published,  and  any  party  interested  may  repeat  the  calculations. 

The  calcul  ition  if?  madf  as  follows :  the  area  of  the  large  cylinder,  shown  in  the 
diagram,  is  13S0  square  inches,  or  9*583  squaie  feet.  The  four  revolutions  of  piaton 
marl^ed  on  the  diagram  4 9 52,  53,  and  52  revolntion*  per  minute,  with  a  attoka  of 
2|  feet»  or  aay  258*12  feet  per  minate,  givea  S6S'12  x  9*583  x  Go^  1464SS  cntne  feet 
per  hour.  And  if  we  take  the  average  pressure  shown  in  the  four  tlinsrams  at  the 
end  of  the  puiton  stroke,  supposing  the  barometer  to  be  14*5  iba.,  we  lind  tbe  weight 
of  that  ■teaoi  to  be  about  44  cobic  feet  per  pound :  this  namber  dwrcfore.  divided 
by  44,  gives  the  quantity  of  steam  aa  3300  pounds  per  hour  |  to  this  rouat  be  added 
^  for  content-?  of  ports  and  clearance,  which  makes  3465  pounds  of  steam. 

llkis  clearly  gives  the  weight  of  the  steam  per  hour  given  out  of  the  cylinders 
after  the  worlt  is  performed,  to  this  therefore  must  be  added  the  qaantity  of  heat 
that  must  have  disappeared  during  the  performance  of  the  work ;  this,  in  the  case 
of  the  'Thetis,'  is  about  }  of  the  entire  heat;  we  must  therefore  add  ^,  or  say 
31654-693=4158  pounds  of  water  must  have  been  raised  from  a  temperature  of 
abont  lOQP  aod  evaporated,  or  say  18  lbs.  of  water  to  the  pound  of  coal  said  to  be 
consumed  ;  this  result  is  about  equal  to  20  lbs  of  water  evaponted  at  219^,  to  the 
pound  of  coal  consumed  i  a  quantity  quite  absurd. 

Comparisons  nf  certain  Remdit  obtained  fram  Certified  Diagram  qf  Steamer$*Blk/  'Earl  of 
Aberdeen,' '  ViUp<ir(d»,*  'Pride  qf  Erin,*  <  Inka/  '  Eurojpa/  '  Cambrian,'  tmd '  Thiti$,* 


Nominal  II. P  

Indicated  ditto   

Froportioti  of  Imlicated 
H.P.  to  nomtiial  H.P.' 

Diameter  of  Cylinder... 


Length  of  Stroke  .... 
Namber  ef  Strokes  per 


Doileni  Rue  or  Tobidai 

Area  of  Fire-grate  

Area  of  lieating  Surface 
Cooli  coaramM  per  hr. 

(J  lality  of  Co:il   

Steam  evaporated  per 
lb.  of  Cool  

Bstimate»  water  evapo- 
rated   

Coal  contumption  per 
indicated  H.P  

Kire-grate  per  nominal 
H.P  


250 
780 

3-28 
57in. 
5lt.6in. 

25 
Tohnlsr. 

H4ft. 

4000 
33601bs. 
Glaagowbesl. 

7-  354 

8-  1 
4i)7I 

•576 


E«rior 


380 
780 

205 
70in.  j 
Cft. 

17-5 
Tine. 

190f*. 
4300 
8584 
Newcastle* 

6-  87 

7-  4 
4*358 

•5 


Valpa- 


320 
826 

2-  581 
Two  52 
Two  90 

5fU 

24 

line. 

1.30ft. 
2400 
2520 
Welsh. 

7-  74 

8-  6 

3-  05 

•406 


Pride  of 


400 
960 

2-4 

}n{ 

5ft.6in. 
22 

Floe. 

2.52 
4400 
4928 
Wdih. 

7159 

7-9 

5*126 

•63 


Intau 


80 
272 

3-8 

Two  28 
Two  48 
3ft. 

32 

Fine. 

50 
480 
672 
Welsh. 

8-  1 

9-  0 
2-47 

•625 


KQM|ia. 


648 
1207 


1-863 
90 
8ft. 


} 


15| 

Flue. 

314 
7000 
5100 

WeUh. 

7-  7 

8-  5 
4-2 

•484 


472 
1073 

2-272 
77-5  I 
7fi.  6in. 

16 

Floe. 

247 
5400 
4480 

Welsh. 

7-509 

8*3 

4*17 

-536 


80 
226 

2-82 
One  21 1 
One  42/ 
2ft.  6iA. 

52 

rCraddock's 
1  Psteat, 

About  4000 
226 
Good, 

15  lbs.  abont. 

ISlfas. 

I'OIS 


It  therefore  appears  that  in  the  report  referred  to»  the  indicated  power  of  the  said 
diagrams  may  be  correct,  but  the  coaU  said  to  be  coosamed  per  indicated  horse- 
power per  hour,  namely  I'OS,  must  be  wrong  ;  and  bc-forc  a  proper  comparison  could 
be  established  between  the  merits  of  the  '  Thetis' '  boiler  and  that  of  any  other  boiler, 
a  correct  trial  of  the  former  would  be  necessary.  In  the  mean  time  we  have  but  to 
1660«  14 
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consider  that  the  rrport  of  Professor  Ranltinc  was  based  upon  one  hour*8  rnniumption 
of  say  230  lbs.  of  coal,  and  compare  that  with  a  mass  of  boiler^  water  and  tirebrick. 
Weighing  90  ttmu,  tk  ft  temperature  of  mj  aocy^  it  w  tvideat  that  Hm  omm  of  bcftk  in 
proportion  to  the  coal  consumed  ia  so  great,  that  no  conclusion  should  be  made  ftom 
snch  an  erpcrimpnt ;  rIso,  that  when  the  quantity  of  coal  ftaid  to  be  consumed,  viz. 
230  Ibe.,  is  compared  with  area  of  iire<grate«  sav  40  square  fect«  it  is  evident  that 
the  remit  ahovld  not  be  depended  vpon,  u  no  ormnftry  oooipnrboiie  coald  be  mode 
of  the  condition  of  the  fires  before  and  after  the  experiment.  In  conclusion,  let  me 
ask  of  every  party  present  to  consider  the  trial  trips  of  steam -ships  nnd  boilers  in 
their  tme  lights^  and  before  drawing  any  inferences  from  such  short  truds,  make  a 
penMl  of  rMolts  obtained  from  tea  voyages.  Tbe  evaporatift  power  and  ecoaoay 
of  boilers  is  one  of  the  most  important  subjects  for  this  Society  to  consider.  We 
need  only  refer  to  the  able  Report  drawn  up  by  the  Steam  Shipping  Committee  of 
the  British  Association,  to  show  how  mixed  up  the  question  of  ihe  relative  efficiency 
«f  die  boiler  and  englnee  le  generally  considered.  Indeed  tbe  American  navy 
returns  form  the  only  reports  showing  the  evaporative  power  of  the  boilers  in  thia 
list,  and  the  whole  merit  of  a  good  evaporating  boiler  is  often  sncrificcd  to  the  cha- 
racter of  the  engines.  W  ith  regard  to  the '  Thetis,'  I  would  recommend  any  mistake 
to  be  remedied  aa  coon  at  |ioenUe,  ae  liiere  are  many  eontraete,  involving  mutSk 
responsibility,  formed  in  consequence  of  this  report,  that  will  lead  to  serious  lo?s  and 
disappointment  to  the  ataanuahippini;  interest,  and  the  engineering  profeaaton  of  thia 
country. 


Oh  lAa  Damty  of  Sailtrated  Steam,  and  on  thgZaw  of  Expansion  of  - 

heaud  Suam.  By  William  Fairbairm,  LJLD*,  FM,8,  ^ 

This  papoT  contained  a  continuation  of  the  etpcriments  detailed  in  a  paper  read 
by  Mr.  Fairbaim  at  the  Aberdeen  Meeting,  and  which  had  been  camVd  <.ti  in  con- 
junction with  Mr.  Tate.  Experimental  determinatious  had  been  obuiined  oi  ihe 
deasiiy  of  steam  fiilly  confirming  the  anticipationa  of  lb.  Thomaon  and  Mr.  Ran- 

kine,  that  the  vapour  df  M-ater  doos  not  exactly  obey  ^^i^'  jra^'eoiis  laws.  They  .show 
that  tho  density  of  .snturat4.'d  ^teain  isabvrt  vs  'ffrt  ater  than  that  given  by  the  gaseou* 
laws^  even  for  temperatures  a^^  low  as  liiU"  lahr.,  and  atpreeaures  below  that  of  the 
atmosphere.  The  experimenta  at  present  eitend.  over  a  range  of  temperature  fitom 
186°  Fahr.  to  292°,  or  from  2  0  to  GO  lbs.  pr(  ?^iire  pcf  square  inch.  The  ||^neral 
result  obtained  is  ezpreeaed  in  the  following  fonnula)|  which  closely  agrees  with  the 
experimeutBi 

.=2o.C24-^^  (L) 

«^  49513  _o.72  


0-86-62 

whore  r  19  the  specific  volume  or  ratio  of  the  volume  of  the  steam  to  that  of  tiM 
water  which  produced  it,  at  the  pres.?iire  P,  expi-essed  in  inches  of  mercury. 

On  the  subject  of  superheating  st<:um,  the  experiments  throw  some  light,  which 
the  author  hopes  to  follow  up  by  a  special  aeries  of  expei-iments.  They  show  thafe 
^vithin  a  short  distance  of  the  maxiimmi  tf^rr-^peratiire  of  saturation  the  nilr  px- 
panaiou  ia  variable,  boin|^  higher  than  that  of  a  perfect  gas  near  the  saturation  point, 
and  rapidly  decreasing,  till  at  a  point  at  no  great  distance  above  the  tempewtm  of 
•atanaon  it  becomea  sensibly  iaentical  with  that  of  a  perfect  gas. 


On  an  Atmosphtrie  Woikmff  Maehine.   By  Jorn  Fit nsR. 

The  action  of  this  machine  was  derived  from  streams  of  air  forced  through  the 
water  fmm  bolo w.   The  authw  in  his  paper  observed,  that  for  eflcctual  use  the  water 

must  never  be  of  a  Iii^^ier  temperature  than  140°  of  Fahrenheit.  It  wn"  stilted 
that  machines  on  this  jirinoiple,  driven  by  earn -power,  had  been  for  some  time 
uatit  iu  successful  oiHiration  for  cleaiiaing  the  tsoiled  laces  at  Messrs.  Fiehera'  manu- 
Ibctoiy  at  Nottingham. 
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On  GiffanTs  Injector  far  Feeding  Boiiers.   By  William  Froods. 

Tn  this  instrument  a  jet  of  steam  taken  from  the  boilrr  nnd  issuing  from  a  pro- 
perh'  tapereii  oril)ce»  is  met  by  and  enveloped  in  a  r^ulateU  supply  of  water,  either 
cow  or  of  limited  temperatare. 

The  column  formed  bv  the  combination  of  water  and  steam  is  made  to  impinge 
on  th(  ajserture  of  a  similnrly  tapered  orifice,  of  rather  smaller  area,  conrifctcd  with 
the  feed-pipe ;  and  peoetratinj;  tLis  orifice,  it  Howb  in  a  contiauoua  stream  into  the 
boiler. 

The  r^onale  seems  to  be  as  follows : — were  it  possible  to  condense  such  a  jet  of 
steam  by  a  simple  abstraction  of  temperature,  it  would  collapse  into  a  jet  of  water 
having  only  yiV^th  of  its  previous  6t;ctional  area,  its  particles,  however,  retaining 
the  same  weignt  and  velocitf  ,  sad  therefore  tbe  same  moaieatom  for  sabh  unit  m 
time  which  they  had  possessed  as  steam*  And  since  the  momentum  of  a  jet  is  the 
exact  dynamic  equivalent  of  the  pressure  which  producer  it,  this  water-jet  would 
possess  a  momentum  equal  to  that  of  a  jet  of  equal  diameter  taken  from  a  boiler 
having  1700  times  the  pressnre  of  that  from  whidi  itself  had  issued  as  steam,  and 
would  be  capable  of  penetrating  a  boiler  having  a  fkressuie  enlarged  almost  in  the 
same  proportion. 

In  the  injector  the  water  which  la  tulded  condenses  the  steam  and  becomes  incor- 
porated witti  It,  formii^  a  compound  jet  whidi  possesses  for  eadi  unit  of  time  the 

same  momentum  which  the  jet  of  steam  possessed.  And  if  the  supply  of  water  be 
duly  regulated,  the  sectional  area  of  the  compound  jet  may  be  precisely  adapted  to 

the  orifice  of  the  feed-pipe. 
Now  were  that  orifice  eqoal  in  area  to  tlie  steam*Jet  on&et,  and  were  a  jet  of 

water  allowed  to  issue  from  it  under  the  same  pressure  which  discharged  the  steam, 
the  water-jet  would  have  the  same  momentum  for  each  unit  of  time  as  the 
steam-jet  hod,  and  therefore  as  the  compound  jet  derived  Irum  it ;  and  tlie  two 
woald  precisely  neutralize  one  another  when  brought  Into  opposition.  If,  however, 
the  stcam-jct  orifice  be  the  larger  of  the  two,  then  the  jet  derived  from  it,  if  reduced 
by  conflensation  tn  the  diameter  of  the  smaller,  will  be  the  strnngct  m  the  s-imc 
proportion,  since  it  will  podscss  the  momeutum  due  to  the  larger  area  of  pressure ; 
It  will  therefore  drive  back  the  water  which  is  striving  to  escape  from  the  feed-pipe, 
and  will  pass  as  a  continuous  stream  into  the  b  -iler. 

The  water  supply  is  considered  to  be  correctly  adjusted  when  the  passage  takes 
place  without  an  overllow  of  steam  or  water  ;  but  the  test  is  deceptive  ;  for  aa  over- 
flow of  steam  merely  implies  that  the  supply  of  water  is  barely  sufficient  to  condense 
the  steam  into  a  jet  as  small  in  section  as  the  feed-pipe  orifice;  an  overflow  of  water 
merely  implies  that  though  the  steam  is  fully  condensed,  the  supply  of  water  has 
enlarged  the  compound  jet  to  a  section  exceeding  that  of  the  feed-pipe  orifice. 

In  reality  the  operation  should  be  brought  as  near  as  possible  to  the  latter  limit ; 
for  though  it  will  indeed  seem  to  be  proceeding  quietly  and  properly  in  all  the  inter- 
mediate stages,  it  will  be  found  that  the  compound  jet,  when  not  so  enlarged  as  to 
fill  the  feed-pipe  orifice,  possessing  its  full  momentum  in  a  smaller  section,  will  have 
energy  enough  to  take  op  with  it  and  carry  into  the  boiler  a  considerable  quantity  of 
air,  wasting  thus  not  only  its  own  power,  but  in  a  high  degree  that  of  the  engine 
also,  when  it  is  a  condensing  one,  since  it  encumbers  the  air-pump  with  extra  duty. 


On  a  Proem  (br  toveriny  Svbmarim  fViret  wUh  IntHtHfMer 
far  TeUffr^  ie  pwpoK$*        Walter  Hali.* 

The  author  exbihited  a  model  of  his  maehlne,  which  effected  the  object  by  wind- 

inp"  strips  of  rubber,  and  nioi>teninp'  the  fame  with  naphtha  during  the  process  of 
covering;  the  wire  thus  formed  bein^^  covered  with  a  thread  of  rulcanized  India- 
rubber,  and  the  whole  afterwards  subjected  to  a  temperature  of  \¥P,  The  whrea 
thus  covered  were  protected  with  a  plaited  covering  of  hempen  cord,  into  whidi 
longitudinal  steel  wires  were  introduced  for  the  purpose  of  giving  strength. 


Suyytsliom  relative  to  Inland  Navigation, 
By  Professor  HsMiiBaaT,  FJL8» 
Hie  ftct  that  the  forces  openttmg  in  canal  and  lifcr  navkatiMi  Ma  so  difi^Hint 
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from  those  of  sea  navigation,  shows  that  a  totally  different  conBtnict'ion  may  be 
ai]oi>ted  fur  the  vosseld  employed.  The  short  heavy  barges  with  clamgily  rounded 
bows  and  broad  stems  should  be  entirely  abandooM.  Boats  of  very  great  lengtfk* 
cotnpnrc  l  to  their  hrratlth  of  beam,  may  be  used  for  canals  with  considerable  ccrtTiomy 
of  power  in  proportion  to  the  cargo.  Tlie  highest  perfection  of  lines  may  thus  be 
attained  so  a^  to  secure  the  smallest  amount  of  resistance  to  motion,  and  the  least 
disturbing  effect  to  the  canal  banks.  For  tbis  object  also  a  selection  might  be  made 
amon<;  the  varit.tics  of  the  screw  propeller,  which  would  obviate  any  lateral  disturb- 
ance of  tiic  water  and  drive  it  backwards  ratlier  than  sideways.  In  some  cases  the 
above  suggestion  as  to  the  shape  of  boats  could  not  be  realized  without  lengthening 
locks,  and  wherever  these  arc  nuiuerous,  jointed  vessels,  like  those  proposed  for  the 
Indian  rivers,  might  be  employed.  The  loss  of  water  in  passing  locks  woult!  be  the 
same  as  for  a  train  of  entirely  separate  boats,  while  the  resistance  to  propulsion 
would  be  considerably  less.  Steam-propelled  boats  thus  constructed  woukl  proba- 
bly realize  the  twofold  result  of  economy  in  power  and  increase  of  speed  to  the 
highest  limit  advisable  for  inJB&c  ia  heavy  goods. 


Oh  ike  Longitudinal  Stress  of  the  Plate  Girder,   Btf  Calcott  Esilly* 


On  Suggestions  for  an  Ehctro-Ma(j)ii  tie  Railwag  Hreak, 
lig  Dr.  B.  W.  liiciiAKi>:9UN. 


On  the  CMtrader  and  Chmparaiive  VatuB  GtUia  Perdka  tmd  Indkt' 
rubber  emploged  ae  Insuhtara  fir  SiAaqmtm  Tekgrtgfkie  JFhti.  JBig 
S.  W.  Silver. 

After  ponitlnjx  ont  ?nmn  of  the  mistakes  prevalent  on  tho  subject  of  th<  In^iul.i- 
tiug  j)ropurties  of  india-rubber,  a  comparison  was  made  by  the  ^vriter  between  tha 
relative  advantages  and  the  insulating  power  of  india-rubber  and  gutta  perdia 
respeetiTely.  Insulation  in  the  case  of  a  submarine  cable  depends  upon  two  causes 
or  properties  of  the  bodies  used: — 1.  The  specilic  non-conducting"  power  of  the 
substance ;  2.  its  impenueabiiityy  by  which  tTu>  original  insulating  conditions  may 
be  maintained.  The  insulatiiiff  power  of  ^aiui  pereha  ia  Tcr^  high ;  but,  in  the 
ease  of  a  submarine  telegraph  cable,  its  poioait^  renders  it  a  yery  imperfect  inwilator 
in  practice.  IrKlia-nibDor,  with  hnver  specific  insnhitinj:^  properties  (tm  would 
appear  from  experiments  made  in  di'v  air),  is,  neverthelea^,  practically  a  far  more 
efficient  insulator,  bv  reason  of  its  complete  inipenneabilityi  while  in  addition  it 
noesesscs  a  lower  inductive  capacity.  It  was  pomted  out  tliat  impermeability  is  as 
important  a  question  m  f»pepifir  non-cnndncf  ility  in  an  in^ulfttor  of  such  cablo!» ;  and 
that  even  if  a  substance  could  be  found  insulating  perfectly  in  dry  air,  it  still  might 
in  practice  be  of  queslioiiaUe  utility  for  submarine  lines,  owing  to  its  porosity,  as 
was  the  cose  with  gtttta  percba.  These  was  now  no  difficulty  in  ooTerin^p  wins 
with  india-rubber. 


On  Improvemetits  in  Iron  Ship-building,    By  W.  Simons. 

lyiagoml  iieoMM.— -Each  range  of  beams  is  placed  in  the  reverse  diagonal  direction 
to  the  range  of  beams,  above  or  below  it,  so  that  collectively  the  vessel's  beame  eon* 

Stitute  a  complete  system  of  horizontal  diagonal  trussing. 

Ff>rc  and  aft  alung  the  middle  of  each  ranu'C  of  I)eam3  arc  riveted  strong  iron 
clamps;  and  along  the  centre  of  the  'tween  decks  are  secured  in  lung  lengths  aluug 
tiie  inside  of  the  frames,  strong,  angle,  back-to-back  iron  clamps.  For  these  beams, 
various  degrees  of  obliquity  may  be  adopted  ;  hut  the  angle  chosen  by  the  author  (re- 
presented in  a  phm  which  was  exhibited)  will  probably  best  answer  the  combined 
pui  puae  of  a  beum  and  diagonal  truss. 

It  ia  a  well-known  fact  that  the  beams,  as  at  present  placed,  do  not  prevent  the 
straining  of  a  vessel,  hut  roerelf  form  a  connexion  between  the  vessel's  sides  and  « 
frnmewoTk  to  support  the  deck. 

i  iie  liatchways  and  most  partners  are  framed  in  the  usual  manner,  and  the  masts 
art  wedged  on  both  the  upper  and  lower  decks. 
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The  decks  may  be  laid  also  diagonally  in  a  reverse  directtoa  to  the  beams,  ftiid  nay 
be  edge-bolted  throughout  and  made  of  hard  wood. 

This  system  of  decks,  by  which  the  objectioiml  botto  are  entirely  avoided,  ia 
more  particularly  adapted  for  4  or  5-deckcd  battle-ships,  where  the  strain  from  tha 
weight  of  Ihe  gnoa  and  action  of  propeller  ia  found  to  straio  and  twist  them  ao 
much. 

Iran  Waterwofft  are  formed  in  the  following  manner.  Ever^  iron  beam  ia  made  with 
nYertical  projection  on  its  upper  edge  at  boul  ends;  this  projection  is  about  7  inches 
deep  and  20  to  40  inches  broad,  according  to  the  tonnage  of  the  vessel.  On  the 
upper  edge  of  these  projections  are  riveted  double-angle  iron.  On  the  front  or  bosom 
of  these  projectiona  is  riveted,  in  long  lengths  along  the  beams,  heavy  aogie>iron, 
say  6+6.  Over  this  arc  then  placed  the  plates  which  form  the  waterway ;  tliese  are 
rounded  over  on  their  inside  edge,  which  h  riveted  to  the  heavy  angle-iron  inside; 
the  top  of  the  plate  is  double  riveted  down  to  the  double  angle-iron  on  each  beam 
end :  the  outer  edge  is  riveted  to  the  angle-iron  along  the  sheer  atiake,  where  it  ia 
aecurely  iron-caulked. 

Round  any  angle-iron  frames  necessary  to  project  tlirongh  the  waterway  is  fitted 
eMGtly  a  doubling  piece,  which  is  securely  caulked  round  the  irame. 

Tht  Qsnal  iron  stringer  and  wood  water-virays  are  thos  superseded,  and  this  iron 
water-way,  it  is  submitted,  forms  a  serviceable  and  complete  box  gunwale. 

The  beam  end  projections  form  also  stronger  and  improved  knee  fastenings,  |)ar- 
ticulariy  to  the  upper  part  of  the  beam,  where  hitherto  in  iron  vebssci^  s>uch  a  kuee 
bos  not  yet  been  adopted,  although  eonsidered  essential  in  timber  vessels. 

In  fact,  for  the  convenience  of  stowage  and  passengers*  berths,  the  knee  or  the 
tinder  side  of  all  iron  beams  on  this  principle  might  be  dispensed  with.  Of  course, 
this  waterway  can  be  adopted  with  cither  diagonal  beams  or  common  beams. 

Plating  diagonally  with  two  thicknesses  of  plate,  each  in  the  reverse  diagonal 
direction  to  the  otlicr,  nr  with  one  thickness  in  CMubination  with  framea  anangcd  in 
the  reverse  diagonal  direction. 

In  the  former  case,  both  thicknesses  of  plating  will  be  riveted  togetlier,  and  the 
hntta  airanged  to  make  shifts  with  each  oth«:;  by  this  mode  of  construction  the 
present  vertical  frames  become  unnecessary,  and  even  the  kctl  not  e'^senti  *!.  In 
place  of  these  are  substituted,  in  long  lengths,  internal  longitudinal  stringers, 
clamps  and  keelsons,  about  5  feet  asunder;  these  would  have  the  advantage  over  the 
present  internal  longitudinal  fastenings,  of  being  fitted  and  secured  directly  to  the 
skin  of  the  fabric  through  which  they  may  be  fastened  every  3  inches;  by  this 
system  it  is  not  requisite  that  the  plate  butts  be  more  securely  riveted  than  the  rest 
of  the  external  skin,  as  it  will  be  evident  that  such  a  vewel  could  not  break  asunder 
at  the  butts  or  vertical  joints  like  a  postage-stamp,  as  was  described  in  tibe  case  of 
runny  late  wrecks  of  iron  ships  constructed  on  the  present  mode. 

Timber  vessels  of  2000  tons  have  been  planked  on  this  principle  with  complet 
auccess* 

Kethonu  made  in  the  following  manner  have  greater  strength  as  a  backbone,  and  the 
necessary  rigidity  to  receive  the  thrust  of  diagonal  central  hold  stanchions  or  trusses. 
Every  floor,  or  alternate  tloor,  is  made  to  project  up  in  the  middle  in  the  form  of  a 
square.  Round  these  projections  are  fixed  angle*iron,  to  which  the  upper  and  side 
plates  of  the  keelson  are  secnred  in  the  form  of  a  box.  Bilge  and  aister  keelsons  may 
be  also  formed  on  the  same  principle. 

The  keelson  required  by  Lloyds  for  their  highest  classed  iron  vessel,  has  only  four 
riveta  to  secure  it  to  the  top  of  each  floor ;  consequently,  when  by  accident  the  strength 
of  the  bottom  is  tested,  these  rivets  of  course  break,  leaving  the  strength  of  the  floors 
and  keelson  as  a  (  arkhone  untested,  wliilc  the  above  impmvrd  keelson,  the 

floors  are  so  well  lastentd  to  the  keelson,  that  they  must  break  before  the  keelson 
will  yield* 

Diagonal  Central  Hold  Stanchions  or  Trusses. — In  place  of  the  common  vertical 
hold  and  'twcen-deck  pillars  or  stanchions  in  two  Icpftlis  at  present  in  use  in  wood 
and  iron  vessels,  most  of  which  are  made  pot  table,  anU  luteudfd  merely  fur  the  sup- 
port of  the  deck,  the  inventor  forms,  from  stem  to  stem,  a  rangeof  diagonal  trussing 
in  hr\r^  (  f  one  length,  the  joint  object  of  which  is  to  strengthen  he  fabric  and  sop- 
port  the  deck. 
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These  tniases  ore  placed  to  cross  each  other  in  a  reverse  diagonal  direction,  50 
to  resist  either  a  teosional  or  compressive  strain ;  they  are  made  of  5  X  2  dat  iron^  are 
ncorelT  riveted  abore  to  «very  eeeond  or  fiMitli  upper  deck-benn,  and  below«  a  butt 
0D»  and  arc  secured  to  die  upper  side  of  Ult  keelson.  They  are  riveted  together  aft 
their  points  of  intersection,  and  where  they  cross  the  line  of  the  old  hram?,  a  double 
centnd  back-to-back  7X6  angle-iron  clamp  is  riveted  to  every  truss  and  beam.  If 
deiired,  a  eioiilar  aa^te-iroD  damp  may  be  rifeled  along  at  the  jaactuiii  of  tiiclr 
upper  extremities  witli  deck  beams. 

The  ans^le  of  these  stanchions  U  about  60°,  that  being  fonnd  best  ?uite<l  to  the 
convenience  of  the  hatch  arrangement.  The  hatchways  and  ma^ts  can  ea&dy  be  left 
ekar. 

It  is  eobmitted*  thin  atamAlioiie  form  a  central  range  of  diagonal  trussing  at  a 
part  of  a  vessel  requirinsr  support,  and  which  hitherto  has  not  had  such  ;  they  will  be 
oi  great  service  in  connecting  together  two  strong  frameworks^  namely  a  v€&8ei 
bottoai««Bd  ker  oppM  dedc  pUitrona.  The  writer  aleo  places  the  diafooal  eCucliioii 
in  alliwaitahip  directioo ;  this  he  has  found  reduces  vibration  in  steamers,  beudes 
clearing  the  screw-shaft.    On  thcsp  principles  of  construction,  the  writer'??  firm  have 
nearly  completed  at  Glasgow  a  900-ton  iron  Indiaman,  named  '  The  E.  Mackenue 
and  he  is  glad  to  etate  that  the  recolt  of  each  piactiee  has  more  than  realiied  the 
expectation  formed  from  the  theory ;  and  respecting  the  element  of  e\pense,  he  fiade 
that  such  a  vessel  costs  £3000  less  than  a  Thames  or  Meney-buiit  timber  ship  of 
the  same  size  and  class. 

Plele  Ball  Fnmm, — In  an  mm  vessd  plated  in  the  common  manner,  the  writer 
uses  butt-frames.  In  the  place  of  the  usual  mode  of  securing  the  vertical  joints  of 
the  external  plating  on  an  iron  internal  strop  beticoen  the  frames,  they  are  securfnl 
upon  a  frame  in  the  following  manner.  There  is  bent  round  the  exterior  of  every 
atternate  angle-iron  framCf  a  long  continuous  plate  of  some  breadth  and  thidmeea. 
as  the  ordinary  butt-strop ;  this  plate  is  punched  b^re  being  fixed  tothe  ftame;  tfw 
plate-butts  or  vertical  joints  are  then  arranged  to  be  riveted  onlf  on  tiiia  continnous 
batt-frame. 

If  tonger  oatside  plating  be  desired*  ciery  third  frame  may  be  eonstmoted  as  m 

butt-frame. 

If  prefprred,  the  continuous  butt-atrop  may  be  placed  between  the  framesy  in  one 
Iraigth,  Irom  keei  to  gunwale. 

By  cither  of  these  modes  of  secaring  the  butts  of  common  phd»s«  no  short  butft- 
strops  are  required,  and  it  is  evident  that  a  vessel  having  her  butts  or  vertical  joints 
io  secured,  is  greatly  increased  in  point  of  strength,  and  that  there  is  little  mrao 
liability  to  break  asunder  at  those  points. 

CmUnff. — For  the  purpose  of  increasiog  the  strength  of  iron  iressels»  die  eeilhig 
from  the  bilge  keelson  up  to  the  gunwale  is  made  of  angle-iron  or  flat  iron  io  one 
length  placed  diagonally  and  from  12  in.  to  10  ft.  apart,  tailing  from  the  centre  nf 
the  vessel  to  the  extremities.  The  port  side  of  a  ship  being  reverse  to  the  starboard 
8kle»  theee  diagonal  ceiling  bars  are  riveted  to  the  reverse  angle-iron  of  every  finane, 
and  their  extremities  secured  to  the  gunwale  angle-iron  and  bilge  keelson. 

These  iron  ceiling  side  trusses,  in  conjunction  with  my  central  range  of  stanchion 
trussing,  yield  great  strength  without  occupying  space,  and  both  can  be  adopted 
wtth  advantage  m  timber  vessels  and  in  battle-wips.  If  preferred*  these  diagonal 
ceiling  bars  may  he  of  wood  in  iron  vessels. 

Tron  ^Tasfs.~Thc  writer  plates  iron  masts  and  spjirs  diagonally  from  top  to  bottom, 
the  plates  winding  round  the  entire  length  and  riveted  together.  He  also  forms  an 
iron  mast  of  diagonal  spiral  lattice-work  riveted  togtilier  at  their  points  of  inter- 
section. 

If  desired,  such  a  mast  may  stayed  transversely  in  its  int(  rior  throughout.  The 
writer  also  fixes  winches  to  iron  masts,  with  their  spindles  liirougii  the  sides  of  the 
mait>  the  i^ertore  required  ibr  sndi  spindlss  being  oompcnsaled  by  mi  internal 
doubling  plate. 

IVar  Ships, — Between  the  prams  of  the  external  jilanks  of  wood  battle-ships 
exposed  to  shot,  the  writer  inserts  iron  or  steel  plates,  ia  tiiickness  from  1^  to  2  inches^ 
and  in  breadth  ttie  entire  thickness  of  the  planks  to  which  they  are  aecnred';  these 
being  in  long  lengths,  are  bolted  vertically  to  the  planki  above  and  below  thnn*  and 
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increasing  the  strength  of  the  fflHal,  will  fiirm  ft  mittmat  to  dMt  or  fholl  f 

they  may  be  placed  from  6  or  8  inches  asunder. 
In  wood  battle-ships,  he  also  fastens  along  the  interior  sides  of  their  gun  decks, 

-    thiiS,  ■ 


iron  plates,  from  1  f  to  9|  iadieo  thiek,  clow  aieiirad  and  bolM  through  tba 
side.  Sack  are  for  the  purpose  of  ittistiBg  tka  thot  aftw  it  hat  tpaal  ita  forae  in 

penetrating  the  external  wood  side. 

For  the  same  purpose,  he  places  fore  and  aft  along  the  interior  of  the  gun  decks 
of  wood  bottle-ioips,  angled  metal  shielda,  the  apes  of  each  being  in  the  centre  line 
<tf  the  gan  ports,  and  bolted  there  through  the  side  of  the  ship :  where  the  upper  and 
lower  edges  of  these  shield  plates  join  the  beams  above  and  lieiow,  thqr  are  strongly 
bolted  to  the  beams  and  to  each  other. 

In  an  iron  battle^ship  or  ram,  ha  boilda  the  side  of  tiia  holl  above  water  and  platea 
itlrith  9  OF  2i-inch  thick  iron  or  stccl.  Outside  of  this  he  timbeia,  planks,  £|tf tens, 
jipiiil  caulks  the  wood  side  of  a  battle-ship,  not  for  the  purpose  of  strength,  but  for  a 
IffjisMo^  W/^ium,  m  which  u  cuiuo^on  ball  may  &^end  its  force  before  cooiia^  into 
ooptapt  with  the  internal  angle*  plated  shields,  which  it  k  liiibmitted  wiH  |hen  parn 
ailida  the  ball  from  penetrating  into  the  interior. 

'Fhese  angled  shields  answer  also  fof  .beam  ^ees,  the  wei^t  and  post  of  wbigh 
m^y  be  di8|)ensed  with. 

ft  Is  aubmitted,  that  owing  to  such  angled  shields,  the  reduced  tfaickneM  of  diield 
plutcs  protected  by  the  timber  side,  the  diagonal  arrangements  of  four  tiers  of  beams, 
a^  the  central  diagonal  trusstngs,  an  iron  battle  ram  so  constructed  would  have  less 
displacement,  greater  btrcugth,  more  buoyancy,  greater  speed,  and  be  more  credit- 
able to  the  engineering  science  of  this  conotry  than  tbosa  now  bailding  at  an  (SKpenae 
of  1^  miliion,  the  designs  of  which  were  not  thrown  open  to  public  competition, 
although  the  ii^j^hibitlon  building,  $t.  .George's  Ua|l,  a94  Aomt,e  pf  }i^.e  fifji^  e^inecr- 
iog  structores  in  England^  me  the  result  of  eneh  a  conne. 

A  Novel  Means  to  lessen  the  frigfUful  Loss  of  Uft  tmoid  our  exposed 

Coasts  hy  rendering  the  EleniefU  itself  an  Inert  Barrier  cujninst  the  Power 
of  the  Sea  ;  also  a  Permanent  Deep-water  Harbour  J^fv^  bj^  Artifir 
cial  Barst    By  Admiral  Taylor. 

Q$i>  Strm  BaUways  a^utedin  fhfi  Umfed  Slatti^iUustratedbj/ a  MMof^ 
Tramway  and  Car,  or  Omnibus  capable  qf  cgmoejfin^  ffn^ pfir^om? 

G.  F.  Thain,  of  Boston,  U.S.A. 

In  Ajuerica  such  a  car  is  drawn  by  a  pair  of  horses.  The  tramway  is  laid  in 
the  centre  of  the  street,  and  the  rail  ia  so  shallow  that  it  oilera  uo  oWiructioa 
whatever  to  carriages  crossing  it.  In  wide  streets  two  sucii  tracka  are  laid  dow% 
ont^  for  the  froin<r  and  tJio  other  for  the  n-tuminfr  traffic.  Mr.  T.  stjitcd  that  in  the 
cities  of  America  the  system  was  in  constant  uac,  and  was  now  an  Solute  aecea- 
sity  thara.  He  aaw  no  difficulty  in  carrying  out  the  system  in  our  pi^ish 
towns  or  in  London,  ^\llere  there  wereinclmes,  an  extra  horse  woul|  ha^KBad; 
and  where  a  8treet  was  not  wide  enoufrh  for  two  track,-*,  he  would  put  down  a  Pingle 
track  there,  and  bring  the  tralhc  back  by  a  line  laid  in  a  parallel  street,  lie  /lad 
nceiTed  e  oonoeasion  to  brin^  out  his  eyatem  In  Biriraauioad*  and  he  h^ped  hfr 
September  to  bo  able  to  show  it  in  operation  there.  All  he  required  wat  )cfW 
tha  authontieB  in  anj  town  to  lay  down  his  trama  andmnhia  /Baqaagei^ 

On  a  Mode  of  covering  Wires  with  InduHrtMew, 
By  Meisfi.  Wbrhbr  and  C.  W.  8iBMEHa^ 

Tha  aatbon  ailuhited  a  very  ingenioua  machine  for  accomplishing  Ihia  lAjeet. 

These  gentlemen  uho  no  solvent  or  neat  wliat<'ver,  but  take  advantage  of  the  pro- 
perty which  india-rubber  poasessos  of  forming  aperfect  juncticm  when  newly-cut 
auiwoea  a^  brought  tofiretW  under  pteesure.  Tne  core  or  wire^  with  the  nbbo|i 
of  rubber  appliea  to  it  lonffitudinally,  is  pushed  into  an  orifice,  which  seryes  as  a 
guide  to  carr\'  thpm  inU)  the  machine,  so  that  the  superfluous  rubber  is  cut  off  by 
-what  may  be  termed  a  revolviiiK  piuu'  of  ticisaorSf  formed  by  a  disc  of  stee^  with  a 
aharp  edge  revolving  excantrically  against  a  atationarj  plat«^  a^d  }fime!(^ti?lj, 
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means  of  two  grooved  wheels,  the  ed^  an  meaeed  together,  and  thna  the  'win 

becomes  encn.^f  d  in  n  perfect  tube  of  indin-nibber.  Ab  many  additional  tubea  aa 
may  be  desired  can  be  liien  put  on.  llw  njacliiuc  is  also  ep'plicable  to  the  coat- 
ing of  wires  with  what  in  kuowu  as  ^\  rays  Cuiupuund,  vnui  vulcajuzed  Indift- 
wber  and  other  coaipoiiiid  aubataiicea  ernitaimng  ]jidi»-yiibher. 


APPENDIX. 

Physiology. 

On  (he  Deglutition  of  Alimentary  Fluids* 
By  Professor  J.  H.  Corbett,  il/.T). 

In  thia  paper  the  author  describes  two  distinct  forms  of  deglutition ;  that  while  tho 
alimentary  bbltia  is  propelled  with  tapidity  over  the  epigfottiay  fluids  can  flow  in 
two  streams,  one  at  eacui  side  of  tho  epiglottia  and  of  the  aryteno-epiglottic  folda^ 
without  the  danger  incidental  to  its  passage  over  the  central  aperture  of  the  larynx. 
He  believes  that  such  occurs  in  the  newly-born  infant  and  mammal  during  auc^on ; 
it  can  take  phice  in  the  nr)pii^g  of  fluida^  awallowin^  of  ^e  ealiTa,  and  even  during 
dlinldng  in  a  (K>ntinuoiis  draught.  Ordinary  drinking  is  ivccoiuplished  by  gentlo 
musculfir  movement.si,  which  should  not  be  confoundtd  with  tho  Lndpin^r  of  Tluid-i. 
In  gulping,  the  fluid  is  rapidly  and  forcibly  propelled  backwards  through  the 
isthmna  of  the  fimcee,  each  gulp  lecjuiring  a  separate  act  of  deglutition;  anch  act 
much  resembles  the  deglutition  of  solids.  The  author  contends  that  when  the  infimt 
or  mammal  seizing  ana  rctainintr  tho  nipple,  sucks  in  the  Huid  in  an  almost  con- 
tinuous stream,  uie  process  of  respiration  IS  not  totally  interrupted,  as  should 
occur  if  the  fluid  absolutely  passed  in  the  middle  Boie  over  tiie  epiglottiB ;  it  ia 
argued  that  the  ml  i  vary  secretion  in  swallowed  safely  durinp  sleep  ;  fluid  care  fully 
introduced  into  the  mouth  of  persons  in  a  state  of  insensibility,  passes  into  the 
plinrvnxi  liuid  poured  gently  ijito  the  mouth  of  a  patient  whose  head  rests  upon 
one  .side,  flows  backwards  by  a  gentle  act  of  deglutition,  which  is  chiefly  performed 
in  this  instance  by  the'  muscle-s  of  the  crm  -ponding  side ;  fluids  cannot  ho  shaped 
like  solid  food  into  a  definite  form ;  alimentary  drinks  m\\%\  be  subject,  in  their  cours<», 
to  tho  law^s  which  regulate  the  passage  of  iluid.s  in  other  cases ;  tho  root  of  the 
tongue  being  narrow  and  the  organ  convex  on  its  upper  surface,  fluids  must  naturallv 
linvf  a  tendency  to  flow  from  the  middle  line  to  eitnerside  ;  dtiriiig  the  mastication 
of  solid  aliment,  the  juices  expressed  by  the  action  of  the  teeth  and  pressure  of  the 
tong[ue,  rapidly  escape  backwards,  so  that  the  bulk  of  the  mass  is  considerably 
diminished  before  the  deglutition  of  the  solid  part  is  attempted  ^  during  inflam- 
matory aflections  of  ffv'  tonsillitic  plandf,  the  .swallowinsf  of  fluids  is  attended  with 
diflicidtyt  while  a  moderately  sized  portion  of  solid  aliment,  which  proceeds  in 
the  middle  line,  may  be  transmxttea  with  comparative  fiicility ;  when  a  single 
gland  is  much  inilamed,  deglutition  is  chiefly  perfonned  at  the  opposite  side. 

In  experiments  made  by  the  author  on  tJic  dead  body,  fluid  poured  upon  the 
dorsum  of  the  tongue  passes  backwards  into  the  pharynx  in  two  atreamf^  through  the 
grooved  ehaanels  situated  at  each  side  of  the  epiglottis  and  arjpteno-eniglottic  folds. 

From  all  these  consideratif  i:  ,  it  ia  inferred  that  in  the  living  body,  during  tho 
deglutition  of  fluids,  the  uvula  tails  forv  nrd  upon  the  tongue  m  front  of  th"  epi- 

flottis;  thus  both  uvula  and  epiglottis  allord  protection  to  the  respiratory  apparatus, 
'be  fluid  is  divided  by  the  uviua  into  two  currents,  which  deeorad  at  each  side 
of  the  root  of  tho  tongue,  under  the  half  arches  of  the  palate^  aa  water  flows  under 
the  arclies  of  a  bridp^ ;  and  surh  is  the  principnl  use  of  the  uviiln.  The  anato- 
mical arnwigemcntii  m  the  human  body  are  pei-fectly  adequate  for  the  trausmlshicn 
of  fluid  in  this  safe  manner.  The  anatomy  of  the'  porpoise,  in  which  the  larynx 
rises  for  several  inche-  nhove  tlie  le\(  1  of  tlie  tfuigiie,  allordsa  strong  confirmation  of 
this  view,  which  is  further  s-ustained  hv  instmu  is  in  whicli  the  epiglottis  has  bpen 
destroyed,  wounds  of  the  throat,  «^'c.  The  distinctne*»  of  tht?  two  forms  of  deglu- 
tition 18  «lfo  indicated  by  the  fact  timt  the  mouth  may  be  filled  with  food,  and  yet 
drill]'  ("r^Ti  he  swallow*  d  without  displacement  of  thepf  lid  nlin  Tit ;  the  newly-born 
infant  can  perform  suction  in  a  perfect  mnnner;  on  the  other  hand,  tho  power  of 
swallowing  solid  food  is  gradually  acquiredj  and  the  organs  of  deglutition  are  trained 
by  niccessiTe  steps  to  the  safe  perfonnance  of  thia  pracesi. 
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J.  Ball  on  systematic  observations 
of  temperature  in  the,  HI. 
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Alps,  Savoy,  Prof.  Favre  on  circular 
chains  in  the,  Z& 

America,  British  North,  Dr.  Hector  on 
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of  death  from  the  administration  of, 
136. 

Anca  (Baron  F.)  on  tiro  newly  disco- 
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Barometers,  M.  R.  von  Schlagintweit  on 
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Bird  (Dr.)  on  the  deodorizatiou  of  sewage, 
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Bone  and  osseous  grafts,  M.  Oilier  on  the 
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Smith  on  three  undescribed,  101. 
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ijitegrals,  4  ;  on  a  new  general  method 
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ment of,  i2iL 
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Caithness  flagstones,  Sir  P.  de  Af.  G. 
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discovered  bv  W.  Peach  in  the,  78, 
Caithness  (Earl  of)  on  road  locomotives, 
204. 

Calc-spar,  on  rings  seen  in  viewing  a  light 
through  tibrous  specimens  of,  12. 

Cambridge,  Rev.  J.  B.  P.  Dennis  on  the 
mode  of  flight  of  the  Pterodactylea  of 
the  coprolite  bed  near,  2iL 

Camera,  solar,  A.  Claudet  on  the  prin- 
ciples of  the,  62a 
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natural  science  in,  by  P.  P.  Carpenter, 

Cannon,  rifled,  Capt.  Blakeley  on,  2iIL 

Carpenter  (Mary)  on  educational  help 
from  the  Goveiiiniont  grant  to  the  de- 
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Britain,  184. 

Carpenter  (P.  P.)  on  the  pror^ress  of  na- 
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Cams  (Prof.  V.)  on  the  value  of  deve- 
lopment" in  systematic  soology  and 
animal  morphology,  12ii;  on  the  Lep- 
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Caustics  produced  by  reflexion,  Prof. 
Lindelof  on  the,  11. 

Cayley(.^.J  on  curves  of  the  fourth  order 
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Chadwick  (David)  on  water  meters,  204. 
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Chemical  elements,  J.  J.  Coleman  on 
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Chemical  geology,  T.  ^.  Hunt  on  some 
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Chest,  A.  MacLaren  on  the  influence  of 
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Cliloride  of  calcium,  gradual  reduction  of 
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agency  of.  Dr.  Gladstone  on,  03^ 

Cliloride  of  sodium  and  nitrate  of  baryta, 
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mixed  together  in  soluliun  and  disused, 
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Chlorofcrm,  Dr.  C.  Kidd  on  the  nature  of 
death  from,  ISi^ 

Chromatic  dispersion,  M.  Ponton  on  the 
laws  of,  UL 

Chromatic  properties  of  the  electric  light 
of  mercury.  Dr.  J.  IL  Gladstone  on 
the,  13. 
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Civilization,  on  the  influence  of  domestic 
animalfl  on  the  progress  of, 

Classification,  Prof.  V.Carus  on  tlte  value 
of  development  in,  125. 
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lations existing  between  the  atomic 
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Iniio-Gcnnanic  theory  of  races,  151. 
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Electrical  force.  Sir  W.  S.  Harris  on,  28. 
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the  neighbourhood  of  Frome,  C,  Moore 
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Powrie  on  a  fossilferous  deposit  near 
Farnell,  filL 

Formosa,  island  of,  W.  Lockhart  on  the, 

ma. 

Fossil  remains  in  two  newly-discovered 
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lepidopterous  parasite  on  the,  121. 
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gcims,  by  W.  Molyneux,  filL 

Garner  (Robert)  on  certain  alterations  in 
the  medulla  oblongata  in  cases  of  pa- 
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Garnet,  Connemara,  analysis  of,  by  Prof. 

llowney,  71. 
Gaskoin's  (Mr.)  pathological  collection  of 
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Gases,  Bernoulli's  theory  of,  as  applied 
to  their  internal  friction,  their  diHusion, 
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the  descent  of,  IS^ 

Gladstone  (Dr.  J.  on  his  own  percep- 
tion of  colours,  I2j  on  the  chromatic 
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ancient  Irish,  156. 

Groy  (Sir  Charles)  on  Asiatic  cholera, 
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the  lunar  curves  of  minimum  tempera- 
ture at  Greenwich  and  Utrecht,  44. 

HariwcU  variable  stiir  atlas,  iifi, 

Harvey  (EUlward  R.)  on  the  mode  of  death 
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Hcnslow  (Rev.  Prof.)  on  the  supposed 
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between,  4, 

Interference  of  light,  phenomena  pro- 
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Invertebrate  fauna  of  the  lower  oolites  of 
Oxfordshire,  J.  F.  Whiteaves  on  the, 
104. 

Ireland,  North  of,  Prof.  Harkness  on  the 
metamorphic  rocks  of  the,  ZiL 

Iron,  E.  Cowper  on  a  new  mode  of  ob- 
taining a  blast  of  very  high  tempera- 
ture in  the  manufacture  of,  '20i. 

Iron  ore,  Blenheim,  £.  Hull  on  the,  8L 

Jaczwings,  a  population  of  the  13tb  cen- 
tury. Dr.  R.  G.  Latham  on  the,  ISilL 

Jarrett  (Rev.  Prof.)  on  alphabets, 

Jarvis  (E.)  on  the  system  of  taxation  pre- 
vailing in  the  United  Statc>s,  10). 

Jaundice,  Dr.  Thudichum  on  nitric  and 
nitro-hydrochloric  acids  in,  148. 

Jeffreys  (J.  G.)  on  the  British  teredines, 
or  ship-worms,  117;  on  specimens  of 
the  common  whelk  having  double  oper- 
cula,  IIL 

Jellett  (Rev.  Prof.)  on  a  new  instrument 
for  determining  the  plane  uf  polariza- 
tion, 12* 

Jet,  Prof.  Rowney  on  the  composition  of, 

Z2* 

Johnson's  (Henry)  improved  instrument 
for  describing  spirals,  60;  deep  sea 
pressure  gauge,  2122* 

Jukes  (J.  Bectc)  on  the  igneous  rocks 
interstratiftcd  with  the  carboniferous 
limestones  of  the  basin  of  Limerick, 
SI* 

Kidd  (Dr.  Charles)  on  the  nature  of  death 
from  the  administration  of  anaathetics, 
especially  chloroform  and  ether,  136. 

15* 
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Kimmeridge,  paddle  of  pliostturus  of  great 

size  found  at,  Mr.  R.  Damon  on  a,  T5. 
Kirkman  (llev.  T.  P.)  on  the  roots  of 

substitutions, 
Knipe  (J.  A.)  on  the  Tynedole  coal-field 

and  the  Whin-sill  of  Cumherland  and 

Nurlhumberland,  8C. 
Knox  (R.)  on  the  origin  of  the  arts,  IfilL 

Labouring  classes,  IL  Roberts  on  various 
efforts  to  improve  the  duniiciliary  con- 
dition of  the, 

Labrador,  some  remarks  on,  by  Col. 
Schaflner,  178. 

Labyrinthodon,  Rev.  W.  Lister  on  foot- 
prints of  the,  from  the  new  red  sand- 
stone north  of  Wolverhampton, 

Iiadd  (W.)  on  nn  improved  form  of  air- 
pump  fur  philo^phical  expeiimentSpfi.'). 

Lange  (D.  A.)  on  the  progress  of  the 
Isthmus  of  Suez  Canal,  1G3. 

Latham  (Dr.  R.  G.)  on  the  Jaczwings, 

Lawes  (J.  B.)  on  the  composition  of  the 

ash  of  wheat,  70. 
Lee  (Dr.  John),  prospectus  of  the  Hartwell 

▼ariable  star  atlas,  Ma 
Lemurida?,  Prof.  Van  der  Hoeven  on  the 

anatomy  of  the,  la.*!. 
Lenses,  diamond,  topaz,  and  rock-crystal, 

best  suited  for,  Sir  D.  Hrcwster  on,  8^ 
Lepadidoe,  R.  Garner  on  the  structure  of 

the,  \2SL 

Lepidoptera,  Dr.  Verloren  on  the  effect  of 
temperature  and  periodicity  on  the  de- 
velopment of,  LiiL 

Lepidopterous  larvee,  micro-,  IL  T.  Stain- 
ton  on  some  peculiar  forms  amongst 
the,  122, 

— —  parasite  on  the  body  of  the  firefly, 

J.  O.  Westwood  on  a,  124* 
Leptoccphalidcc,  Prof.  V.  Carus  on  the, 

Lewis  (Dr.)  on  a  hydro-spirometer,  139. 
Lias,  Rev.  P.  B.  Brodie,  on  the  stratigra- 

phical  position  of  certain  species  of 

corals  in  the,  23^ 
Lias,  lower,  in  the  south  of  England,  Dr. 

T.  Wright  on  the,  108. 
Light,  electric,  M.  Serrin  on  an  automatic 

regulator  for,  12* 
Lightning  conductors,  G.  J.  Symons  on 

employing  the  gutters  and  rain-water 

pipes  of  private  nouses  as,  ^ 
Limerick,  J.  B.  Jukes  on  the  i>;neoiis  rocks 

interstratilifd  with  the  carboniferous 

limi  stones  of  the  basin  of,  8_L 
Limeslonrs,  carboniferous,  of  the  basin  of 

Limerit-k,  J.  B.  Jukes  on  the  igneous 

rocks  interstintificd  with  the, 


Lindclof  (Prof.)  on  the  caustics  produced 

by  reflexion,  lA. 
Lindsay  (Dr.  W.  L.)  on  the  eruption  in 

May  18G0,  of  the  Kotlilg)&  Tolcano  in 

Iceland,  gg* 
Lister  (Rev,  W.)  on  reptilian  foot-prints 

from  the  new  red  sandstone,  north 

of  Wolverhampton,  82. 
Liverpool  Museum,  on  some  specimens  of 

shells  from  tlie,  116. 
Livingstone  (Dr.)  on  the  discoveries  in 

South  Central  Africa,  164. 
Lockhart  (W.)  on  the  mountain  districts 

of  China  and  their  aboriginal  inhabit- 
ants, 1C8. 

Locomotives,  road.  Earl  of  Caithness  (Hi, 
20L 

Lubbock  (John)  on  the  development  of 

Buccinum,  139. 
Lunar  craters,  W.  R.  Dirt  on  the  forms  of. 

Lunar  curves  of  minimum  tempcrattxre  at 
Greenwich  and  Utrecht,  on  the  simi« 
larily  of  the,  IL 

Ma  eg  own  n  (Dr.),  on  of  the  onte-cliris- 
tian  settiement  of  the  Jews  lit  Chii^a, 
170. 

Machine  atmospheric,  for  washing*  J. 
Fisher  on  an,  'A1£L 

MacLaren  (Archibald)  on  the  influence 
of  systematized  exercise  on  the  expan- 
sion of  the  chest,  li2- 

Magncsian  rocks,  T.  S.  Hunt  on,  83. 

Magnetic  declination,  J.  A.  Broun  on  the 
mode  in  which  the  diurnal  law  of, 
varies  from  place  to  place,  and  the 
probable  position  and  epoch  of  the  lire 
of  least  diurnal  variation  near  the 
equinoxes,  20. 

■  declination,  J.  A.  Broun  on  the 
diurnal  variations  of  the,  at  the  mag- 
netic equator,  and  the  decennial  period, 
ILL 

■  equator,  J.   A.   Broun   on  the 

diurnal  variations  of  the  magnetic  decli- 
nation at  the,  21. 
— —  rocks  in  South  India,  J.  A.  Broun 
on,  2L 

'      survey  of  the  west  coast  of  India, 

J.  A.  Broun  on  a,  27. 

 survey  of  India,  Messrs.  de  Schla- 

gintvvcit's  general  abstract  of  the  re- 
sults of,  32^ 

Magnetic-induction  dip. circle,  new,  J.  A. 
Broun  on,  2^L 

Magnetism  of  the  earth,  tlie  daily  mcnn 
intensity  of  the,  increases  as  a  whole 
or  diminishes  as  a  whole,  J.  A.  Brouu 
I     on,  20» 
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Mammalia,  triassic,  C.  Moore  on  remnins 
of,  in  the  drift  in  the  neighbourhood  t>f 
Frome,  SS* 

Man,  J.  Crawfurd  on  the  Aryan  or  Indo- 
Germanic  theoi^'  of  the  races  of,  151. ' 

Maps,  topographical,  Capt.  Cybulz  on 
models  to  facilitate  initriiction  in  deli- 
neating  the  features  of  the  ground  on, 
IM. 

Masters  (M.  T.)  on  the  normal  and  ab- 
normal variations  from  an  assumed  type 
in  planU,  LLL 

Maury  (Captain)  on  antarctic  expeditions, 
di;  on  the  climates  of  the  antarctic 
regions,  Ifi. 

Maxwell  (Prof.)  on  the  results  of  Ber- 
noulli's theory  of  ^cs  as  applied  to 
their  internal  friction,  their  diffusion, 
and  their  conductivity  for  heat,  15 ;  on 
an  instalment  for  exhihitingany  mixture 
of  the  colours  of  tlie  spectrum,  16. 

May  (D,),  journey  in  tlie  Yoruba  and 
Nnp£  countries,  12SL 

M'Donnell  (Dr.  Robert)  on  the  formation 
of  sugar  and  amyloid  substances  in  the 
animal  economy,  129. 

Measuring  actual  distances,  P.  Adie  on 
an  instrument  for,  53^ 

Measurement,  angular,  P.  Adie  on  a  new 
reflecting  instrumeut  for,  5^ 

Mechanics,  Prof.  Sylvester  on  the  appli- 
cation of  Poncclct's  thedrcms  for  the 
linear  representation  of  quadratic  radi- 
cals to  practical  questions  of,  L 

Medulla  oblongata,  R.  Gamer  on  altera- 
tions in  the,  in  cases  of  paralysis,  12D. 

Mental  labour,  E.  Chadwick  on  the  phy- 
siological as  well  at)  psychological  limits 
to,  1M> 

Mercurj',  electric  licht  of,  Dr.  J.  hL 
Gladstone  on  the  chromatic  properties 
of  the,  la* 

Mersey  and  Dee,  Prof.  Collingvrood  on  the 
nudibranchtate  molhiscn  of  the,  1 IIL 

Meteorological  observations  at  i»tony- 
hurst,  results  of,  SiL 

 phenomena  of  the  equinoctial  week, 

M .  Du  Boulay  on  tlie,  ^ 

Meteorology,  Prof,  llenuessy  on  the  prin- 
ciples of,  44. 

Michelsen  (Dr.)  on  serfdom  in  Russia, 
101. 

Mickie  (J.),  cruise  in  the  Gulf  of  Pe-che-li 

and  Lc*o-tung,  China,  170. 
Microscope,  new  form  of.  Sir  D.  Brewster 

on  a, 

Milk,  human,  G.  D.  Gibb  on  living  ani- 
malcules in,  Lil. 

Miller  (Prof.  W.  A.)  on  the  atomic  weight 
of  oxygen,  ZO, 


Mitchell  (J.  M.)  on  the  economical  history 
and  statistics  of  the  herring,  191. 

Mitchell  (Kev.  W.)  on  the  Koh-i-Noor 
previous  to  its  cutting, 

Mollusca,  Nudibranchiate,  Prof.  Collin 
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wood  on  the  rtsuiralion  of  the,  113; 
of  the  Mersey  and  Dee,  1 LIL 
Mollusca,  on  the  Aspergillum,  or  water- 
ing pot,  120. 
Molyucux  (William)  on  fossil  fish  from 
the  North  Staflbrdshire  coal-fields,  &S« 
Moon,  W.  R.  BIrt  on  the  forms  of  certain 

lunar  craters  in  the,  31. 
Moore  (C.)  on  the  contents  of  three  square 

yards  of  triassic  drift,  &Z< 
Morocco,  E.  Schlngintweit  on  the  tribe* 

composing  the  population  of,  177. 
Morjihology,  aniuiul.  Prof.  V.  Cams  on  th« 

value  of  development  in,  12^ 
Moseley  (Rev.  Canon)  on  the  cause  of  the 

descent  of  glaciers,  Hi. 
Motion,  science  of,  J.  S.  S.  Glennie  on 

physics  as  a  branch  of  the, 
Mountain  countries,  J.  Bell  on  a  plan  for 
systematic  observations  of  temperature 
in,  ai. 

Mountain  ranges.  Rev.  J.  Dingle  on  the 
corrugation  of  strata  in  the  vicinity  of, 

7JL 

Moors  of  Morocco,  a  mixed  race,  E.  Schla* 
gintM'eit  on  the,  177. 

Miillcr  (Dr.  Hugo)  on  the  isomers  of  cu- 
inol,  11;  on  a  new  acetic  ether  occur- 
ring iu  a  natural  resin,  ZL 

Mundesley,  Norfolk,  the  cliff  at,  J.  Prest- 
wich  on  some  new  facts  in  relation  to, 

mL 

Mnrchison  (Sir  R.  I^i  his  address  as  Pre- 
sident of  Section  E,  118. 

Navigation,  inland,  suggestions  relative  to, 

by  Prof.  Hennessy,  21 L 
New  march  (W.)  on  some  schemes  of 

taxation  and  the  diiHculties  of  them, 

Nineveh,  Sir  D.  Brewster  on  the  decom- 
posed glass  found  at,  fL 

Northumberland  and  Cumberland,  J.  A. 
Knipc  on  the  Tynedule  coal  field  and 
the  whin-sill  of,  86. 

Observatory,  Travnncore,  J.  A.  Broun  on 
results  ut*  observations  in  the,  20. 

Ogilvie  (Dr.  G.)  on  the  structure  of  fern 
stems,  1 12. 

Oilier  (M.)  un  the  artificial  production  of 
bone  and  osseous  grafts,  143. 

Oolite,  great,  at  Sioncslield,  Oxfordshire, 
£.  Hull  on  the  thickness  of  the  form- 
ations btlow  the,  &L 
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Oolites,  lower,  of  Oxfordshire,  J.  F. 
Whiteaves  on  the  invertebrate  fauna  of 
the,  UtL 

Optical  illusions  connected  with  inversion 
of  perspective,  Sir  D.  Brewster  on,  "L. 

Organic  remains,  A.  Gages  on  some  trans- 
formations of  iron  pyrites  in  connexion 
with,  Z9, 

Osborn  (Captain  Sherard)  on  the  forma. 
Uon  of  oceanic  ice  in  the  arctic  regions, 

im 

Ossiferous  caves  in  Sicily ,  newlydiscovered, 

Baron  Anca  on, 
Owen  (Prof.),  letter  to  Mr.  £.  Chadwick 

on  the  physiological  limits  to  mental 

labour,  189. 
(Oxford,  notice  of  the  new  geological  map 

of  the  vicinity  of,  by  Sir  R.  ftfurdiisoD, 

90. 

Oxfordshire,  J.  F.  Whiteaves  on  the  inver- 
tebrate fauna  of  the  lower  oolites  of. 

Oxygen,  Prof.  W.  A.  Miller  on  the  atomic 

weight  of,  70. 
Oxygenation  in  animal  bodies.  Dr.  W.  B. 

llicliardson  on  the  process  of,  H3. 

Palliser  (Capt.),  on  the  course  and  results 
of  the  British  North  American  Explor- 
ing Expedition,  170. 

Paper,  rice-,  from  the  pith  of  the  Aurelia 
papyrifera,  W.  Lockhfirt  on,  IQQ^ 

Paralysis,  H.  Garner  on  alterations  in  the 
medulla  oblongata  in  cases  of,  1.2!L 

Peach  (C.  W.),  a  new  form  of  ichthyolite 
discovered  by,  ZS ;  on  the  statistics  of 
the  herring  iishery,  120. 

Pembrokeshire,  Rev.  G.  N.  Smith  on  three 
undescribed  bono  caves  near  Tenby, 

mL 

Pengelly  (William)  on  the  chronological 
and  geographical  distribution  of  the 
Devonian  fossils  of  Devon  and  Corn- 
wall, HL 

Perspective,  inversion  of,  Sir  D.  Brewster 
on  some  optical  illusions  connected  with 
the,  Z. 

Peruvian  bnrk,  the  places  where  the  tree 
grows  which  yields  the,  iJilL 

P«therick  (Consul)  on  his  proposed  jour- 
ney from  Khartum  in  Upper  Egypt  to 
meet  Cnpt.  Speke  on  or  near  the  lake 
Nvauza  of  Central  Africa,  174. 

niiliips  (Prof.)  on  the  geology  of  the 
vicinity  of  Oxford,  20. 

Photography,  celestial,  IL  Draper  on  a 
reflecting  telescope  for,  erecting  at 
Hastings  near  New  York,  02^ 

Physics  as  a  branch  of  the  science  of  mo- 
tion, J.  S.S.  Glennie  on,  hiL 


Pierce  (Prof.  B.)  on  the  dynamic  con- 
dition of  Saturn's  rings,  37i  on  the 
motion  of  a  pendulum  in  a  Tertical 

plane  when  the  point  of  suspension 
moves  uniformly  on  a  circumference  in 
the  same  plane,  22;  on  the  physical 
constitution  of  comets,  21t 
Pile  with  sulphate  of  lead,M.E.BecquereI 
on  a,  hiL 

Placodus,  teeth  of  the,  discovered  in  the 

triassic  drift,  in  the  neiglibourhood  of 

Frome,  by  C.  Moore,  Siii. 
Flioiiaurus,  a  paddlo  of,  found  at  Kim- 

meridge,  75. 
Planets,  J.  S.  S.  Glennie  on  a  general  law 

of  rotation  applied  to  the,  hK. 
Plant  and  an  animal,  J.  liogg  on  the  dis- 
tinctions of  a.  111. 
Plants,  British,  Rev.  W.  S.  Symonds  on 

the  selection  of  a  peculiar  geological 

habitat  by  some,  102. 
-     ,  on  the  morphological  laws  in,  IISL 
 ,  M.  T.  Masters  on  the  normal  and 

abnormal  variations  from  an  assumed 

type  in,  IHL 
 ,  on  the  final  causes  of  the  sexuality 

of,  in  reference  to  Mr.  Darwin's  theory, 

109. 

Flayfair  (Dr.  Lyon)  on  the  representation 

of  neutral  salts,  IL. 
Poisoning,  E.  R.  Harvey  on  the  mode  of 

death  by  aconite,  133. 
Polar  expcdiiiun  (Franklin's),  Capt.  Snow 

on  the,  and  the  possible  recovery  of  its 

scientific  documents,  180. 
Polarization,  plane  of.  Prof,  Jellett  on  a 

new  instrument  for  determiuiug  the, 

13, 

 ,  M.  Vcrdet  on  the  dispersion  of  the 

planes  of,  of  the  coloured  rays  produced 

by  the  action  of  magnetism,  5 1. 
Poncelet's  theorems  for  the  linear  repre- 
sentation of  quadratic  radicals.  Prof. 

Sylvester  on  a  generalization  of,  TV. 
Ponton  (M.)  on  the  laws  of  chromatic 

dispersion,  LiL 
Porter  (H.  J.  Ker)  on  the  best  plan  of 

cottage  for  agricultural  labourers,  IDf. 
Fowrie  (J.)  on  a  fosj»iUl'erous  deposit  near 

Farnell,  in  Forfarshire,  8g^ 
Prestwich  (Joseph)  on  some  new  facts  in 

relation  to  the  section  of  the  cliff  at 

Mundesley,  Norfolk,  90. 
Price  (J.)  on  Cydippe,  12Q  ;  on  slicken> 

sides,  01^ 

Price  (Rev.  Prof.),  address  as  President 

of  Section  A,  L 
Pterodactyles  of  the  Coprolite  bed  near 

Cambridge,  Rev.  J.  F.  B.  Dennis  on 

the  mode  of  flight  of  the,  I& 
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Purdy  (F.)  on  the  systems  of  poor-law 

medical  relief,  10^ 

Pyrites,  iron,  A. Gages  on  some  transfor- 
mations of,  in  connexion  with  organic 
remains,  79. 

Pyrosclerite,  Connemara,  analysis  of  by 
Prof.  Rowney,  LL 

Quadratic  radicals.  Prof.  Sylvester  on  a 
generalization  of  Poncelet's  theorems 
for  the  linear  representation  of,  T. 

Quinine,  V.  Hurtodo  on  the  barks  from 

which  it  13  obtoiucd,  102^ 

lladcliffe  (Dr.  C.  B.)  on  muscular  action 
from  an  electrical  point  of  view,  1 13. 

Rae  (Dr.  J.)  on  the  formation  of  ictbcrgs 
and  ice  action  in  the  Hudson's  bay  and 
straits,  174 ;  on  the  aborigines  of  the 
arctic  and  8ub>arctic  regions  of  N.  Ame- 
rica, 1  75. 

Railways,  street,  as  used  in  the  United 
States,  G.  F.  Train  on.  215^ 

Rankin  (Rev.  T.)  on  the  different  motions 
of  electric  fluid,  30j  on  meteorological 
observations  made  at  Huggate,  iiiL 

Reflexion,  Prof.  Lindiluf  on  the  caustics 
produced  by,  14^ 

Reeve  (Lovell;  on  the  Aspergillum  or 
watering-pot  mollusk,  120. 

Reilly  (Calcott)  on  the  longitudinal  stress 
of  the  plate-girder,  212. 

Rennison  (Rev.  T.)  on  a  new  proof  of 
Pascal's  theorem,  Qx 

Re<«pirAtion,  D.  W.  Richardson  on  the 
process  of,  143. 

Rhynciiosaiims,  Rev.  W.  Lister  on  foot- 
prints of  the,  in  the  new  red  sandstone 
north  of  Wolverhampton,  87. 

Ricliardsou  (Dr.  B.  W.)  on  the  process  of 
oxygenation  in  animal  bodies,  li2 ;  on 
an  electro-magnetic  railway  break,  212. 

Riflers  of  Morocco,  £.  Schlagintweit  on 
the,  177. 

Rings  seen  in  viewing  a  light  through 

fibrous  specimens  of  calc-spar,  on, 
Road  locomotives.  Earl  of  Caithness  on, 

Roberts  (Henry)  on  various  eflTorts  to 
improve  the  domiciliary  condition  of 
the  labouring  classes,  \V6, 

Rocks,  igneous,  T.  S.  Hunt  on,  M± 

 ,  magnesian,  T.  S.  Hunt  on,  83. 

 ,  plutonic,  T.  S.  Hunt  on,  84. 

 ,  m^netic,  in  South  India,  24. 

Rocks,  nietamorphic,  of  the  N.  of  Ire. 
land.  Prof,  llennessy  on  the,  TSL 

 giicous,  iiiterstrntified  w  hh  the  car- 
boniferous limesluuci*  of  the  basin  of 
Limcrick«  J.  B.  Jukes  onthe,  Ma 


Rocky  Mountains,  British  North  America, 
Dr.  Hector  on  the  strata  composing  thei 

aL 

— — ^  Mountains,  Capt.  J.  Polliser  on 

explorations  in  the,  170. 
Rogers  (Prof.  R.  D.)  on  some  phenomena 

of  mctamorphism  in  coal  in  the  United 

States,  101. 
Rogers  (Prof.  W.  B.),  experiments  and 

conclusions  on  binocular  vision,  12; 

on  the  phenomena  of  electrical  vacuum 

tubes,  2Q± 

Rotation,  J.  S.  S.  Glennie  on  a  general 

law  of,  applied  to  the  planets,  sl. 
Roots  of  substitutions,  Rev.  T.  Kirkman 

on  the,  1. 

Rowney  (Prof.  T.  H^  on  the  analysis  of 
some  Connemara  mineralsi  ZI ;  on  the 
composition  of  jet,  72^ 
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iUv.  J.  Cha]IU,  on  Capillary  AltnwUoiii — ^Pro£  Lloyd,  oa  Phyucal  Optio; — G.  fteniiic,  on 
HydvauHcs,  Part  IL 

Together  with  the  Tfawtelliiiia  Qf  the  Scctloat,  and  Recomncndatlau  of  the  AaiodatiM 
and  iti  Committeti. 

PROCEEDINGS  ow  rum  FIFTH  MEETING,  at  DabUo,  183^ 

Contents  :—EeT.  W.  Whewell,  on  the  Recent  Progreai  and  Present  Condition  of  the 
Mathematical  Tlieorie*  of  Electricity,  Magnetism,  and  Heat;  —  A.  Qtiefclet,  Aper^u  de 
r£tat  actuel  des  Sciences  Maih^matiques  chez  lc«  Beiges ; — CapL  E.  Sabine,  oa  the  Phir- 
aomena  of  Terrestrial  Magnetism. 

Toj;:rthpr  with  the  Transnrtious  of  the  Sections,  Prof.  Sir  W«  BuiUlOll'a  Addfiai,  Mid  HLo* 
eommendationa  of  the  AAMKiatiou  and  its  Coaimittees. 

PROCEEDINGS  or  run  SIXTH  MEETING,  at  Bristol,  18S6, 
lMMall2i. 

CoNTe{fTi»— •Ptal^  Daubcny,  on  the  Present  State  of  our  Knowledge  with  respect  to  Ifloe* 

ral  and  Thermal  Waters; — Major  E.  Sabine,  on  the  Direction  and  Intensity  of  the  Terrestrial 
JIagnetic  Force  in  Scotland i— -J.  Richardson,  on  North  American  Zoology; — Rev.  J.  Challi% 
on  die  Mathenalical  Theory  of  Fluidi  t— J.  T.  Mackay,  a  Convporative  View  of  tbe  mo«« 

remarkalilr  Plant-  which  characterize  the  neighbourhood  of  Dnblln  and  Edinburgh,  n  nd  rVe 
Sottth'West  of  Scotland,  &c.  i-~J.  T.  Mackay,  Comparative  Geographical  Notices  of  the 
more  renarltable  Plants  which  charecteriae  Scotland  and  Ireland ; — Report  of  the  La«kdoQ  8«h> 

Committee  of  the  Medical  Section  on  the  Motions  and  Sounds  of  the  Heart  Second  Report 
of  the  Dublin  Sub-Commiitee  on  the  Motions  and  Sounds  of  Uic  Heart ; — Report  of  the  Dublin 
Committee  on  the  Pathology  of  the  Brain  and  Nervous  System ; — J.  W.  Lubhock,  Account 
of  the  Recent  Discussions  of  Observations  of  the  Tides; — Rev.  B.  Powell,  on  determining  the 
Refrriclive  Indices  for  the  Standard  Kays  of  the  Solar  Spectrum  in  various  media; — Dr.  H«»i!<^-k;n, 
on  the  Cuitimuiiiculioii  iietween  the  Artcriej  and  Absorbent.*; — Prof. Phillipii,  Report  of  Lxpcri. 
nWBliOn  Subterranean  Temperature  ; — Vro(.  llaniilion,  on  the  Validity  of  a  Method  recently 
proposed  by  G.  B.  Jerrard,  for  Transforming  and  Kesolvii     Tquations  of  Elevated  Degrees. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Daubcny 's  Address,  and  RecoomieiH- 
dallom  of  the  Aaiodatioa  tnd  itt  Conunlttece. 

PROCEEDINGS  ow  thb  SEVENTH  MEETING,  at  liferpool,  1837, 

Published  at  16 J. 

Contcntb:— Major  E.  Sabine,  on  the  Variations  of  the  Magnetic  Intensity  observed  at  <lif. 
ferent  pointa  of  the  Earth's  Surface  ;•— Rev.  W.  Taylor,  on  the  various  modes  of  Printing  Wit 
Iho  Use  of  the  Blind; — J.  W.  Lubbock,  on  the  Discussions  of  Observations  of  the  Tides  ;^ 
Prof.  T.  Thomson,  on  the  DitTcrence  between  the  Composition  of  Cast  Iron  produced  by  the 
Cold  and  Hot  Blast ;— -Rev,  T.  H.  Robinson,  on  the  Dctcriiiinatton  oftlr-  Conit  uit  of  Nuiatian 
hj  the  Greenwich  Obeorvations  ; — R.  W.  Fox,  Experiments  on  the  Electricity  of  Metallic 
Veins,  and  the  Temperature  t)f  Mines; — Provisional  Report  of  llie  C'lnnfuiltce  of  tlie  Medical 
Section  of  the  British  A&bucialion,  appointed  to  investigate  the  Compusitiuu  uf  Secreltona,  and 
fhe  OfgMM  prodvelng  them «— Dr*  O.  O.  Reet,  Report  from  the  Committee  for  inquiring  Into 
%hr  Analyii-^  of  the  f  JInn  is  Src.  of  the  Human  Body  ; — Second  Report  of  the  I  nn  hin  Snb-Com- 
mitiee  of  the  British  As»ociaiion  Medical  Section,  on  the  Ikiotions  and  Sound*  uf  the  Heart 
proU  Johmton,  on  the  Present  State  of  our  Knowledge  In  regard  to  Dimorphooa  Bodtea 
Lt.-Col.  Sykes,  on  the  Statistics  of  the  Four  Colleclorntes  of  Duklmn,  under  fhe  British  Go* 
veinmenti — £. Hodgkinsoo,  on  the  relative  Strength  and  other  Mechanical  Prt^rtics  of  Iron 
obtained  from  the  not  and  Cold  Blast ; — ^W.  Faiirbalm,  on  the  Strength  and  other  Propertiea 
of  Iron  obtained  from  the  Hot  and  Cold  Blast ; — Sir  J.  Robison,  and  J.  S.  Russell,  Report  of 
the  Committee  on  Waves;—- Note  by  Major  Sabine,  being  an  Appendix  to  his  Report  on  the 
Variations  of  the  Magnetic  Intensity  observed  at  diffirrent  Poinuof  the  Earth's  Surface 
J.  Yates,  on  the  (irowtli  of  Plants  tindir  (ilass,  and  without  Mj  floo  oommunicalUNi  wiih 
Outwnrd  Air,  nn  the  Plan  of  Mr.  N.  J.  Ward,  of  London. 

Together  with  the  Transactions  of  the  Sections,  i'ruf.  1  raiii's  .-iddress  and  Hecommenda. 
tlou  «f  Um  Anodtfloa  and  Ita  CoMmUtoee. 
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PROCEEDINGS  of  the  EIGHTH  MEETING,  at  Newcastle,  1838, 
PubluhedatlSt. 

CoNTEWYt^—Rev.  W.  Whewell,  Aeeotijit  of  «  Level  Line,  measnred  from  Che  Brietol  Cbtn* 

nel  to  the  English  Channel,  by  Mr.  Bunt;— Report  on  the  Discussions  of  Tides,  prcpired 
under  th«  direction  of  the  Rev.  W.  Whewell; — W.  S.  Harris,  Account  of  the  Progress  and 
State  of  the  Meteorological  Observations  at  Plymouth ; — Major  E.  Sabtnet  on  the  Magnetie 
Isoclinal  and  Isodynamic  Lines  in  the  British  Islands ; — D.  Lardner,  LL.D.,  on  the  Determi* 
r ration  of  the  ^fean  Numerical  Values  of  Railway  Constants; — R  Mallet,  First  Report  upon 
Experiments  upon  the  Action  of  bea  and  River  Water  upon  Cast  aud  Wrought  Iron  R« 
Mallec,  on  the  AcCUm  ef  n  Heat  of  S 19*  Fahr.,  when  long  conliiim^,  on  Inotganfe  and  OiBanfe 
Subst&nces. 

Together  with  the  Transactions  of  the  Sectionsi  Mr.  Murchisoa'«  Addicsa^and  Recommen- 
daUooa  of  the  Aaaoeiaiion  and  its  Commilicet. 

PROCEEDINGS  of  the  NINTH  MEETING,  at  Birmingbam,  lb39, 
PubliagdatlSs,6d. 

CdtTKNTs Rev.  B.  Powell,  Re  port  on  the  Present  State  of  our  Knowledge  of  BeftacHve 

Indices,  for  the  Standard  Rays  of  the  Solar  Spectrum  in  different  media  ; — Report  on  the  Ap* 
plication  of  the  Sum  assigned  for  Tide  CaK  ulatiocs  to  Rev.  W.  Whewcll,  in  a  Letter  itom  T.  0« 
Runt,  Esq. ; — II.  L.  Pattinson,  on  some  Gulvanic  Expcrimenti  to  determine  the  Existence  or 
Non-Exittenee  of  Electrical  Currents  among  Stratified  Rocks,  particularly  those  of  the  Moun« 
tain  Limestone  formation,  constituting  ilic  L<';ul  Mc:i*nrr«  of  Alton  Moor ; — Sir  D.  Brewster, 
Reports  respecting  the  two  series  of  Hourly  Mctcurulogieul  Observations  kept  in  Scotland;'— 
Report  on  the  subject  of  a  series  of  Resolutions  adopted  by  the  British  Association  at  their 
Meeting  in  August  1S38,  nt  Newcastle; — R  Owen,  Report  on  liritisli  F  sil  Reptiles; — E. 
Forbes,  Report  on  the  Disuibution  of  Pulmoniferous  MuUusca  in  the  Uniisli  Isles; — VV. 
Harrb,  Third  Beport  on  the  Progreae  of  the  Honrly  Meteorological  Bcgieter  at  Flynoutli 
Dockyard. 

Together  with  the  Transactions  of  the  Sections,  Rev.  W.  Vernon  Uarcourt's  Addreaty  and 
Becommendatlone  of  the  Aatodadon  and  its  Comnlttect. 

PROCEEDINGS  of  tiik  TENTH  MEETING,  at  Glasgow,  1840, 
PuNUkid  ai  IBM. 

CoMTBim Bev.  B.  Powell,  Report  on  the  iceent  Progreit  of  dieeoveryiehrtlve  to  Radiant 

1!(  ut,  supplementary  to  a  former  Report  on  the  same  su!)ject  inserted  in  the  firs?  v  olume  of  the 
Reports  of  the  British  Association  for  the  Advancement  of  Science;'^.  D.  Forbes,  Supple- 
tnentary  Report  on  Meteorology ; — W.  S.  Harris,  Report  on  Profl  Whewell'a  Anemoueter, 
now  itj  operation  at  Plymoiiili ; — Report  on  "  The  Motion  and  Sounds  of  the  Heart,"  by  the 
London  Committee  of  the  British  Association,  for  1839-40  Prof.  Schonbein,  an  Account  of 
Beaearchee  in  Electro-Chemistry  ;— R.  Mallet,  Second  Report  upon  the  Action  of  Air  and 
Water,  whether  fresh  or  salt,  clear  or  foul,  and  at  variott*  tcmpcfitttrcs,  upon  Cast  Iron, 
Wrought  Iron  and  Steel ; — R  W.  Tox,  Report  on  some  OhKcrvfitions  on  Subterranean  Tem- 
perature ;— A.  F.  Osier,  Report  on  the  Observations  recorded  ilic  years  lb.i7,  1838,1839 
and  1840,  by  the  Self-registering^  Anemometer  erected  at  the  Philosophical  Institution,  Bir- 
minfrliain  ; — Sir  D.  Urcwstcr,  Report  respecting  '•'^  o  Scries  of  Hourly  Meteorological  Ob- 
servations kept  at  Inverness  and  Kingu^sie,  from  Nov.  1st,  to  Nov.  1st,  1839; — Wm 
Ttaonpson,  Report  on  the  Fauna  of  Ireland  :  Div.  Veritbraiai — C.  J.  B.  Williams,  M.Oiy 
Report  of  Expf  rimcnt-?  on  the  Physiology  of  the  LunffS  and  Air-Tubes  ;—Hrv.  J.  S.  Henilow, 
Report  of  the  Coutnuitec  on  the  Preservation  of  Animal  and  Vegetable  Substances* 

Together  with  the  Traniacaona  of  the  Sccttona,  Mr,  MorchiMA  and  Mi||of  B.  Sahinc'a 
AddrcH,  and  Rccommendationt  of  the  Aiioefaitloa  and  ha  Commlltcec. 

PROCEEDINGS  or  the  ELEVENTH  MEETING,  at  FlymoiiUi, 

Contents: — Rev.  P.  Kelland,  on  the  Present  state  of  our  Theoretical  and  Expeiimental 
Knowledge  of  the  Laws  of  Conduction  of  f  lot  ; — G.  L.  KoupcH,  !\T  !>,,  Hcport  on  Poisons; — 
T.  O.  Bunt,  Report  on  Discussions  of  Bristol  Tides,  under  the  direction  ol  the  lUv,  \V.  Whewell; 
— D.  Uoss,  Report  on  the  Discussions  of  Lcilh  Tide  Observations,  under  the  direction  of  the 
Rev.  W.  Whewell; — W.  S.  Harris,  upon  the  working  .f  \\  Iiptt.  H's  Aneniomeler  at  riymoutb 
during  the  past  year; — Report  of  a  Committee  appointed  lor  the  purpose  of  superintend- 
ing the  scientlflc  co-operaiton  of  the  !<i  iiish  Association  in  the  System  of  Simultaneous  Obser* 
gallons  in  Terrp-friril  Magnetism  and  Meteorology  ; — Reports  of  Commi!t<-rs  nppnintrrt  to  pro- 
vide Meteorological  InstruroeoU  fur  the  use  of  M.  Agassix  and  Mr.  M'Cord ;— Report  of  a  Corn- 
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mittee  to  tuperlnfcnd  tlic  rcclncdon  of  Mcfcornlo^vcnl  Obicrvnt-on - ; — nt  poi!  of  *  rr-m- 
mittee  for  revising  the  Noraenclaturtf  of  lb«  Sun ; — Ueport  of  a  Committe«  for  obuining  lo« 
•tnunenti  and  Regfiten  to  record  Sbodct  Md  Etrthqtiakci  in  8eotl«id  tad  tretBnd  Report  of 
a  Committee  on  the  Preservation  of  Vegetative  Powers  in  Seeds  ;«Dt*  Hodgkin,  on  Inquiries 
into  the  Races  of  Man  ; — Report  of  the  Committee  appointed  to  report  how  far  the  Ppsiderata 
in  our  knowledge  of  tlie  Condition  of  tlie  Upper  Strata  of  the  Atmosphere  may  be  supplied  by 
means  of  Ascent*  in  Balloons  or  otherwise,  lOMcertain  the  proboblo  oipcate  of  such  Experi- 
ments. nT\(!  to  draw  up  Directions  for  Observers  in  such  circumstance*  ; — H.  O^'pn.  Report 
on  Rritiiili  Fuiiiiil  Reptiles  Reports  on  the  Determination  of  the  Mean  Value  ol  liaitway 
Cunstants  ; — D.  Lardner,  LL.Dl,  Second  and  concluding  Report  on  the  DetmninadoB  of  tiie 
Mean  Value  of  Railway  Constants; — E.  Woods,  Report  on  Rallvvny  Constant! ^—ft^poit  ofa 
Committee  on  the  Construction  of  a  Constant  Indicator  for  Steam- Engine*. 

Tofttlier  witii  Hio  Trantacliont  oftbo  Soetioni,  ProC  WlMwoU't  K4inm,  aiid  Rocotpwta* 
dallona  of  Um  Amclntion  and  its  Committees. 


PROCEEDINGS  op  tbx  TW!ELFTH  MEETING,  at  M«iebMt«v 
m2,  PMMed  atlQt.6cL 

Contents  : — Report  of  the  Committee, appointed  to  conduct  the  co-operation*of  the  Britiali 
Association  in  the  System  of  Simultaneous  Magnctical  and  Meteorological  Observations  f 
J.  Richardson,  M.D.,  Report  on  the  present  State  of  the  Ichthyology  of  New  Zealand  ; — 
W.  S.  Harris,  Report  on  the  Progress  of  Meteorological  Observations  at  Plymouth  ; — Second 
iieport  of  a  ConimUtec  appointed  to  mnke  Experiments  on  the  Orowth  ami  Vitality  of  Seeds; 

C.  Vignoles,  Report  of  the  Committee  on  Railway  Sections  ; — Report  of  the  Committ^ 
for  the  Preservation  of  Animal  and  Vegetable  Substances  Lyon  Playfnir,  M.D.,  Abttvact 
of  Prof.  Li'  lii;'' .  Report  nn  Organic  Chemistry  applied  to  Physiology  and  Pnthoh^jry  ; — 
K.  Owen,  Report  on  the  British  Fos«ii  Mammalia,  Part  I.; — R.  Hunt,  Researches  on  the 
Inflntnee  of  Ught  on  the  Oerminatlon  of  Seeds  and  the  Orowtli  of  Plants ; — L.  Agasdst  ReiMirt 

on  the  Fossil  Fi  he  of  rli  iXvonian  System  or  01  1  ltd  Sandstone  ; — W.  Fairhairn,  Ap. 
pendix  to  a  llepori  on  the  Strength  and  other  Propcrtit^a  of  Cast  Iron  obtained  from  the  Uot, 
and  Cold  Blast  D.  Milne,  Iieport  of  the  Committee  for  Reirlstering  Shocks  of  RarthqnaJkes 
in  Great  Britain  ; — Report  of  a  Conmiittee  on  the  construction  of  a  Constant  Tntlicator  fur 
Stc8m-£nginss«  and  for  the  deterroination  of  the  Velocity  of  the  Piston  of  the  Self-acting  £»• 
gine  at  fifl^reat  periods  of  the  Stroke  S.  Rnssell,  Report  ofa  Committee  on  the  Form  of 
Sbipa  |«— Report  of  a  Ctnnmittee  appointed  "to  consider  of  the  Rules  by  which  the  Nomcncla- 
tore  of  Zoology  may  be  established  on  a  uniform  and  permanent  basis ;  "—Report  ofa  Com- 
mittee  on  the  Vital  Statistics  of  large  Towns  in  Scotland; — Provisional  Reports,  and  Notices 
of  Progress  in  special  Researches  entrusted  to  Committees  and  Individuals. 

Together  tvith  the  Transactions  of  the  Sections,  Lord  f!raiida  Enarton's  ftddrass,  and  Bc> 
vowmcudauuns  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  thr  THIRTEENTH  MEETING,  at  Cork, 

ConrBimt^Robort  Mallet,  Third  Report  upon  the  Action  of  Air  and  Water,  whe^er 

fresh  or  salt,  clear  or  foul,  m  !  nt  Varioui  Temperatures,  upon  C;^st  Iron,  VVronght  Iron,  nnd 
Steel ; — Report  of  the  Committee  appointed  (o  condua  tlie  co-operation  of  the  British  As. 
sedation  In  the  System  of  Stronltaneons  Magnetiral  and  Meteorol<^cal  Obscrvationi  ,* — Sir 
J.  F.  W.  ITerschel,  Bnrt.,  Report  of  the  Committee  .ippointc  <1  fur  the  Rcduc  tion  (>(  Mrfeoro- 
logical  Observations; — Report  of  the  Committee  appointed  for  Experiments  on  Steaan* 
Engines  {—Report  of  the  Committee  appointed  to  eontinue  their  Caperhnents  on  the  Vitality 
of  Seeds ; — J.  S.  Russell,  Report  of  a  Series  of  Observations  on  the  Tides  of  the  Frith  of 
Forth  and  the  Fast  Coast  of  Scotland; — J.  S.  Rus&cll,  Notice  of  a  Report  of  the  Crmnuitlee 
on  the  Form  of  Ships; — J.  Blake,  Report  on  the  Physiological  Action  of  Medicines; — Report 
of  the  Committee  on  Zoological  Nomenclature ; — Report  of  the  Committee  for  RegisieriiiK 
the  Shocks  of  Earthquakes,  and  making  such  Meteorological  Observations  as  may  appe?r  to 
them  desirable  Report  of  the  Committee  for  conducting  Lxpcrimcuts  with  Captive  Ualioons; 
^Prof.  Wheatstone,  Appendix  to  the  Report; — Report  of  the  Committee  for  the  Translation 
and  Publicafifin  of  Foreign  Scientific  Memoirs; — C.  W.  Peach  on  the  Habits  of  the  Marine 
Testacea , — L,  Forbes,  Report  on  the  Mollusca  and  Radiata  of  the  ^gean  Sea,  and  on  their 
distribtttioa,  considered  as  bearing  on  Geology ;— L.  Agsmls,  Synoptical  Table  of  Rritisb 
Fossil  Fishes,  arranged  In  the  onU  r  of  the  Cirn!o;»ical  Formations  ; — R.  ()\^cn.  Report  on  the 
BriiiHh  Fossil  Mammalia,  Part  11.; — E.  W.  Bioncy,  Iieport  on  the  excavation  made  at  the 
junction  of  the  Lower  New  Red  Sandstone  with  the  Coal  Ifeaaaret  •(  Collyhant  |— W. 
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Thompson,  Report  on  the  Fauna  of  Ireland :  Div.  Immteirata  \ — Pro«i«lonal  Report*^  and 
Notices  of  Pragma  in  Speda]  Retearcbaa  antniatai  to  Gonunitieef  and  Indlvidualau 

Togcfhrr  with  the  Tranaactbns  of  the  Srrtioni,  B«rl  of  Roaaa'a  Addvaaa,  ond  RoeesmMap 

dationt  of  the  Association  and  its  Conimittees. 

PROCEEDINGS  of  thb  FOURTEENTH  MEETING,  at  Yoifc, 

COHTJ  NT-, W.  B.  Carpenter,  on  tlie  Microscopic  Structure  of  Shells  ; — J.  Alder  and  A  * 
Hancock,  Report  on  the  British  Nudihrnnehiate  MoUusca  s — R.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  ot  Seeds  and  the  Growth  of  Plants ; — Report  of  a 
Connaittee  appointed  by  the  British  Association  in  1B40,  for  revi^ini;  the  Nomenclature  of  tbo 
Strife : — !.t..Col.  Sabine,  on  the  Meteorology  of  Toronto  in  Canada; — J.  Blackwall,  Report 
on  some  recent  researches  into  the  Stnicture,  Functions,  and  (Economy  of  the  ^raneidtOt 
nwda  In  Omi  Britain Barl  of  Roase,  on  the  Construction  of  large  Reflecting  TelaaeofMa  i 
-—Rev.  W.  V.  Harcourt,  Report  on  a  Gas-furnace  for  Fxpertments  on  Vitrifacfion  nm?  othrr 
Applications  of  High  Heat  in  the  Laboratory  {—Report  of  the  Committee  for  Regittering 
Earthquake  Shoeka  in  fleotland Report  of  a  CommltteoftHrBxperimentaon  Iteam-Englneai 
— Report  offltc  Committee  to  ir vr  'lrrafc  tlic  Varieties  of  t!u'  Human  Race  ; — Fnnrth  Report 
of  a  Committee  appointed  to  continue  their  Experiments  on  the  Vitality  of  Seedd ; — VV.  Fair- 
baira,  on  the  Consumption  of  Poel  and  the  Prevention  of  Smoke P.  Ronalds,  Report  eon* 
cerning  the  Observatory  of  the  British  A«soci  ition  at  Kew  ; — Sixth  Report  of  the  Committee 
appointed  to  a>nduct  the  Co-operation  of  the  British  Association  in  the  System  of  Simulta* 
neous  Magnetleal  and  Meteorological  Obsertations ; — Prof.  Porehhanmer  on  the  influenet 
of  Fucoid.il  Plants  upon  the  Formations  of  the  Earth,  on  Metamorphism  in  general,  and  par- 
ticularly the  Metamorphosis  of  the  ScandinaTian  Alum  Slate ; — H.  E.  Strickland,  Report  on 
the  recent  Progress  and  Present  Slate  of  Ornithology ; — T.  Oldham,  Report  of  Committee 
appointed  to  conduct  Observations  on  Subterranean  Temperature  in  Ireland ; — Prof.  Owen, 
Report  on  the  Extinct  Mammals  of  Australia,  with  descriptions  of  certain  Fossils  indirntive 
of  the  formor  cxistcncf  in  that  continent  of  large  Marsupial  liepresentatives  of  tliL  Order 
Pachyderroata  ; — W,  S.  Harris,  Report  on  the  woi  kinr;  of  Whewelland  Oalor'a  AnciTiDnieteia 
at  Plymouth,  for  the  years  1841,  1842,  ISl.J ; — VV.  R.  Birt,  Report  on  Atmospheric  \V;ive«; 
— L.  Agassiz,  K.ipport  9iir  les  Poissons  Tu^bilcs  de  I'Argile  de  Londres,  with  translation ; — J. 
B.  Roaioll,  B«port  on  Waves ; — Provisional  ReportSi  and  NotSeaa  of  Progmaln  Bpaefad  Ro« 
searches  entrusted  lo  Committees  and  Indivi(^nils. 

Together  with  the  Transactions  of  the  Sections,  Dean  of  Ely's  Address,  and  RecommenUa- 
llona  of  the  Aiaodotloa  and  Ita  ComndttMi. 

PROCEEDINGS  of  tub  FJFTfiENTH  M££TING»  at  C«mbriiige» 
18^,  PuUished  at  1 2s, 

Contents: — St-venth  Report  of  a  Committee  appointed  to  conduct  the  Co-operation  of  the 
British  Association  m  the  System  of  Simultaiaoua  Magnetleal  and  Meteorological  Observa« 
tlons; — Lt.-Col.  Sabine,  on  some  points  in  the  Meteorology  of  Bombay: — J.  Blake,  Report 
on  the  Physiological  Actions  of  Medicines  ; — Dr.  Vbn  Boguslawski,  on  the  Comet  of  1843; 
— R.  Hunt,  Report  on  tlie  Acttnograph; — Prof.  Schunbein,  on  Ozone} — Prof.  Erman,  on 
the  Influence  of  Friction  upon  Thanno-Electridty ; — Baron  Senftenherg,  on  the  8el^ 
Registering  Meteorological  Instruments  employed  in  the  Observatory  at  Senftenberg; — 
W«  R.  Birt,  Second  Report  on  Atmospheric  Waves; — G.  R.  Porter,  on  the  Progress  and  Pre- 
sent Extent  of  Savings'  Banks  in  the  United  Kingdom  Prof.  Bunion  and  Dr.  PlajfUr, 
Report  on  the  Ga.^cs  evolved  from  Iron  Furnaces,  with  reference  to  the  Theory  of  Smelting 
of  Iron ; — Dr.  Richardson,  Report  on  the  Ichthyologv  of  the  Seas  of  China  and  Japan  ; — 
Report  of  the  Committee  on  the  Registration  of  Petloaieal  Phaenomena  of  Animals  and  Vege- 
t  ihles  ; — Fifth  Report  of  the  Commlttt  c  on  the  Vitality  of  Seeds  ; — Appendix,  &c. 

Together  with  the  Transactions  of  the  Sections,  Sir  J.  F.  W.  Herschel's  Address,  and  Re- 
eonunendationa  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  thb  SIXTEENTH  MEETING,  at  SotttiiamptoD, 

1846,  Published  at  15*. 

CoNTi:sTs: — O.  G.  Stokes,  Report  on  Recent  Researches  in  Hydrodynamics; — Sixih 
Report  of  tiic  Committee  on  the  Vitality  of  Seeds  ; — Dr.  Schunck  on  the  Colouring  Matters  of 
Madder;— J.  Blake,  on  the  Physiological  Action  of  Medicines; — R.  Hunt,  Report  on  the  Ac* 
tinograph ; — R.  Hunt,  Notices  on  the  Influence  of  Lif^ht  on  the  Growth  of  Plants  ; — R.  L. 
Ellis,  on  the  Recent  Progress  ot  Analysis ; — Prof.  Forchhammefj  on  Comparative  Analytical 
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B«waffe1i«i  on  8m  Walcrt—A.  BniMii»  on  die  Ootcnlotfott  of  llio  Osmdbn  Oomtaato  Car 

lS*J>ff  ,— r;.  R.  Porter,  on  ihc  ProgreM,  present  Amount,  and  prottnble  future  Condition  of  die 
Iron  Manufacture  in  Great  Britain  }— >W.  R.  fiirt|  Third  iie)>«>ri  on  Atiuo«pb«ric  Wav«f 
Prof.  Owen,  Report  on  the  Arehetype  and  Homologies  of  the  VortAratt  Skolden;^ 
J.  Phillips,  on  Ancmoiuctry; — J.  Percy,  M.D^  Jtoport  oa  iho  Crjilallino  Plagaj-  •AMnnitk 
to  Mr.  liirt's  Report  on  Atmoipberic  Waves. 

Together  with  ibo  Transactions  of  the  Secdonst  Sir  R.  I.  Murchison'a  Addf«u»  and  B«> 
commondaliom  of  Iho  Association  and  its  Comnutteei* 

PROCEEDINGS  of  xHJt  SEVENTEENTH  MEETING,  at  Oxford, 

1847,  Pul'l Lulled  at  \bs. 

Contents  :—i'rof.  Langberg,  on  the  Spedflc  Gravity  of  Sulphuric  Acid  nt  ditTerent  de« 
grees  of  dilntUMit  and  on  the  relation  which  exinu  between  the  Development  of  Heat  and  thn 
coincident  contraction  of  Vuhiiiie  in  Sulphuric  Acid  when  mixt  d  with  Water  ;^lt.  Hunt, 
Researclies  on  lUe  toliuencc  of  the  Solar  Rays  on  the  Growth  of  I'laota; — ii.  Maikt»  on 
the  Faeia  of  Bardiquake  Phanomenaf-^Prof.  Nilsson,  on  the  Primitive  Inbabitaata  of  Sca»» 
dinavia; — W.  Hopicin;,  Report  on  the  Geological  Theories  of  Ktevation  and  Earthquakes; 
»Dr.  W.  B.  Carpenter,  Ilcporton  the  Microscopic  Strucluce  of  Shells;— KeT.  W.  Whewell  a&d 
Sir  James  C.  Ross,  Report  upon  Che  Recommendation  of  an  Expedition  fi»r  the  purpose  of 
completing  our  knowledge  of  the  Tides ; — Dr.  Schnnek,  on  Colouring  Matters Seventh  Re« 
port  of  the  Committee  on  the  Vitality  of  Seeds J.  Glynn,  on  the  Turbine  or  Horisonial 
Water* Wheel  of  France  and  Germany; — Dr.  R.  G.  Latham,  on  the  present  state  and  recent 
progress  of  Ethnographical  Philology ; — Dr.  J.  C.  Prichard,  on  the  various  methud:i  of  Resent^ 
which  contribute  to  the  Advancement  of  Ethnology,  and  of  the  relations  of  that  Science  to 
other  branches  of  Knowledge; — Dr.  C.  C.  J.  Buuseu,  on  the  results  of  the  recent  Lgyptima 
vesearehes  in  reference  to  Asiatic  and  African  Ethnology,  and  the  ClaadAcMion  of  Languages ; 
.—Dr.  C.  Meyer,  on  the  Importsmce  of  the  Study  of  the  Celtic  Language  as  exhibitrrl  by  the 
Modern  Celtic  Dialects  still  extant ;— Dr.  Max  Miiller,  on  the  Relation  of  the  Bengali  to  the 
AHan  and  Aboriginal  Languages  of  India;—- W.  R.  BIrt,  Fourth  Report  on  Atmoapheric 

Waves  , — Vr^^(.  W.  II,  Dnve,  Temperature  TaMc-,  with  Introdnctory  Remarks  hy  ricul.-CuL 
£.  Sabine ; — A.  Erman  and  11.  Petersen,  Third  Report  on  the  Calculation  of  tlie  Gaussian  Coo- 
Btonts  for  1899. 

Together  with  the  Transactions  of  the  Sections,  Sir  Robert  Horry  In^ia'a  AddraUb  *aA 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  ov  thi  EIGHTEENTH  MEETING,  at  SwuiMfl, 

1848,  AMmM  Of  dv. 

CoNTEHTS :— Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors  ;— 
J.  Glynn  on  Water  .pressure  Engines ; — R.  A.  Smith,  on  the  Air  and  Water  of  Towns  ;~-Etgbth 
Report  of  Committee  on  the  Growth  and  Vitality  of  Seeds;— W.  R.  BIrt,  Filth  Report  on  At- 
mospheiie  Waves;— E. Schnnek,  on  Colonring  MaCteia;— ^.  P.  Budd,  on  the  advantageous  use 
made  of  the  gaseous  escape  from  the  Blast  Furnaces  at  the  Ystalyfera  Iron  WorVs; — R.  Hunt, 
Report  of  progress  in  the  iavestigation  of  the  Action  of  Carbonic  AciJ  on  the  Growth  of 
Plants  allied  to  those  of  the  Coal  Forniations ; — Prof.  H.  W.  Dove,  Supplement  to  the  Tem- 
per iture  Tables  printed  in  the  Report  of  the  British  Association  for  1847  ; — Remarlcs  by  Prof. 
Dove  on  liis  recently  constructed  Maps  of  the  Monthly  Isothermal  Lines  of  the  Globe,  asid  oa 
some  of  the  principal  Conclusions  in  regard  to  Climatology  dcdndhio  Arora  them ;  with  sm  i». 
Irodtutory  N'otivc  by  Lt-Col.  E.  Sabine; — Dr.  Daubeny,  on  the  prof:rr=;>  of  the  invfsti^^-atioo 
on  tlie  Influence  of  Carbonic  Add  on  the  Growth  of  Ferns; — J.  Phillips,  Notice  of  further 
progress  In  AnemonHrkoI  Reteirehcat— >Mr.  Maltefs  Letter  to  the  Assblant-Genenl  Seere> 
tary;— A.  Erman,  Second  Report  on  the  Gaussian  Constants; — Report  of  a  Coninuttee 
relative  to  the  expediency  of  recommending  the  continuance  of  the  Toronto  Magnetical  nnd 
Meteorological  Observatory  until  December  1850. 

Together  with  the  Transactions  of  the  Sections,  the  Marqoia'of  Northampton's  Ad4v««^ 
^d  Recomnondationa  of  the  Assodation  and  its  Committees, 

PROCEEDINGS  op  the  NINETEENTH  MEETING,  at  Birralnghaoi, 

1849,  Pte^ttMollOf. 

Contents  : — Rev.  Prof.  Poweli.  A  Catalogue  of  Observations  of  Lnminous  Meteors  ^—Carl 
of  RosiC,  Notice  of  Nebula:  iatt-ly  observed  in  the  Six-feet  Reflector; — Prof.  D.iuheny.  on  the 
Influence  of  Carbonic  Acid  Gas  on  the  health  of  Plants,  C3>peciatly  of  those  allied  tu  the  Fo$»l 
Remams  found  In  the  Coal  Formation  ; — Dr.  Andrews,  Report  on  the  H eat  of  CombinnticMi ; 
^-Report  of  the  Committee  on  the  Regutnttion  of  the  Periodic  PbsMomoM  of  Plants  ani 
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Anlmnl? ; — Vmf^i  Ttf;>ort  of  Committee  on  Experiments  on  llie  Hrowth  and  Vitality  Seed*  ; 
— F.  lUinaltU,  Hoi  ur(  concerning  the  Observatory  of  the  British  Association  at  Kcw,  from 
Aug.  9,  1848  to  .s.  ii[.  r\  184D; — R.  Mallet,  Report  on  the  K.xperiinental  Inquiry  on  Railway 
Bar  Corrosion;  —  W.  It.  Rirt,  Report  on  tiie  Discussion  of  tlie  Klcctrical  Observations  at  Ke^*. 

Together  witli  tlie  XransacUona  of  the  Sections,  the  Kcv.  T.  R.  Robinson's  Address,  and 
Reeommendations  of  the  Association  and  its  Commiiteca. 

PROCEEDINGS  of  thb  TWENTIETH  MEETING,  ai  Edinbui^li, 

1850,  Published  at  15s. 

Contents:— R.  Mallet,  First  Report  on  the  Facta  of  Earthquake  Pbasnomena ; — Rev.  Prof. 
Powell,  on  Obsemitions  of  Luminous  Meteors; — Dr.  T.  Williams,  on  the  Structure  and 
Hiitory  of  the  British  Annelida; — T.  C.  Hunt,  Results  of  Meteorological  Observations  taken 
at  St.  Michael's  from  the  l«t  of  January,  1840,  to  the  31st  of  December,  1S19;— R.  Hunt,  on 
ttic  present  State  of  uur  Knowledge  of  the  Cheinic.il  Action  of  the  Suiar  Radiations; — Tcntli 
Re [>ort  of  Committee  on  Experiments  on  the  Growth  and  Vitahty  of  Secds;--Major.Gen. 
brigffs,  Report  on  the  Aborigin  il  Tribes  of  India; — F.  Ronalds,  Report  conrorninp;  thi~  Ob- 
servatory 4>f  the  British  Association  at  Kcw  ; — E.  Forbes,  Report  on  the  liivesligutmn  ot  Bnu^h 
Marine  Zoology  by  means  of  the  Dredge  ; — R.  MacAndrew,  Notes  on  the  ^tribution  and 
Range  In  depth  of  Mollusca  and  other  Marine  Animals,  observed  on  the  coast'^  of  Spain,  Por- 
tugal, Barbary,  Malta,  and  Southern  Italy  in  1849 1 — ProC  Ailnian,  on  the  Present  State  of 
oor  Knowledge  of  the  Pmhwater  Polysoa RegislTBtioB  of  tlie  Periodical  Phano—na  of 
Phnth-  nui]  Animnis ; — Sugrgestioos  to  Astronomeis  for  the  Obsemiion  of  the  Total  Edipat 
of  the  Sun  on  July  28,  1851. 

Together  witli  the  Transactions  of  the  Seelioi»,8lr  David  Bfewtter's  Address,  and  Beeon- 
nendations  of  die  Aisociadon  and  its  Commltleef  • 

PROCEEDINGS  of  the  TWENTY  HUSX  MEETING,  at  Ipswich, 

1851,  Puhiislted  at  IQs,  6d, 

Contents; — Rev.  Prof.  Powell,  on  Observations  of  Luminous  Meteors Eleventh  Re* 
port  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  ; — Dr.  J.  Drew,  on 
the  Climate  of  Southampton  ; — Dr.  II.  A.  Smith,  on  the  Air  and  Wntcr  of  Towns:  Action  of 
Porous  Strata,  Water  and  Organic  Matter ; — Report  of  the  Committee  appointed  to  con&ider 
the  ]»robable  Bflkets  in  an  (Eoonoroical  and  Physical  Point  of  View  of  the  Dcstmedon  of  Tro- 

?»leal  Forests; — A.  Henfrey,  on  the  Reproduction  and  5uppn:ril  Kxlstcnce  of  Sexual  Organs 
n  the  Higher  Cryptogamous  Plants  i — Dr.  Daubeny,  on  the  Nomenclature  of  Organic  Com* 
pounds; — ^Rev.  Dr.  Donaldson,  on  two  unsolved  Problems  In  Indo-Oerman  Philology;— 
Dr.  T.  Williams,  Report  on  the  British  Anncliila; — R.  Mallet,  Secoixi  Report  on  the  Facts  of 
Earthquake  Phienomena ; — Letter  from  Prol^  Henry  to  Col.  Sabine,  on  the  System  of  Meteoro- 
logical Observations  proposed  to  be  established  in  the  United  States  ^— Col.  Sabtne,  Report 
on  the  Kew  Magneto^raphs  ; — J.  Welsh,  Report  on  the  Performance  of  his  three  Magneto- 
graphs  during  the  Experimental  Trial  at  the  Kew  Observatory  ; — F.  Ronalds^  Report  concern- 
lag  the  Observatory  of  the  British  Association  at  Kew,  from  September  12,  1850,  to  July  31, 
J861 ; — Ordnance  Survey  of  Scotland. 

Totrether  with  the  Transactions  of  the  Sections,  Prof.  Airy's  Address,  and  Eeeom* 
nicndalioDS  of  Ibc  Askucialion  and  \U  Committees. 

PROCEEDINGS  op  the  TWENTY-SECOND  MEETING,  at  Belfast, 

1852,  Pubiisked  ai  15«. 

Contents  : — R.  Mnllet,  Third  Report  on  the  Facts  of  Earthquake  Phaenomena; — TwelAh 
Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; — Rev.  Prof. 
Powell,  Report  on  Observations  of  Lumtnotis  Meteors,  1851-52; — Dr.  Gladstone,  on  the  In- 
fluence of  the  Solar  Radiations  on  the  Vital  Powers  of  Plants; — A  Manual  of  Kthnolopicnl 
Inqnirv  ; — Co!.  Sykcs,  Mean  Temperature  of  the  Day,  and  Monthly  Fall  of  Rain  at  127  Sta- 
tions under  tlie  llenj^al  I'residency  ; — Prof.  J.  I).  Forbes,  on  Experiments  on  the  Laws  of  the 
Condwciion  of  Heat; — R.  Hunt, on  the  Chemical  Action  of  the  Solar  Radiations  ; — Dr.  HodfOS, 
on  the  Composition  run!  fl  j  onomy  of  the  Fiax  I'Lin?  ; — ^W.  Thompson,  on  the  Freshwater 
Fishes  of  Ulster; — W.  TItumpion,  Supplementary  Report  on  the  Fauna  of  Ireland; — W.  Wills, 
onthe  Meteorology  of  Btrmingliam;— -J.  Thomson,  on  the  Vortex- Water- Wheel ; — J.  B.  Lawes 
and  Dr.  Gilbert,  on  iha  Cooiporidon  of  Foods  in  relation  to  Respiration  and  the  Feeding  of 
Animals. 

Together  with  the  Transaelioas  of  the  Seetiou,  CoUnwI  Sabine's  Addreii^  and  Rccook 
iaaiidations  of  die  Aaiodation  and  lit  Cominittcft. 
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PROCEEDINGS  ot  the  TWENTV-THiKD  MEETING,  at  Hull, 
185S,  PMM  Qi  lOf.  6dL 

CoNTeNT*: — Rer.  ProC  Powell,  Report  on  Obtenratlont  of  Luminoiit  Meteon,  185S->5S: 

— James  Oldham,  on  the  Phyiical  Features  of  the  tlumber; — James  Oldham,  on  the  Rise, 
Progress,  and  I'resent  Position  of  Steam  Navigation  in  Hull; — William  Fairbairn,  Expeci. 
mental  Researches  to  determine  the  Strength  of  Locomotive  Boilers,  and  the  causes  whidl 
lead  to  Explosion; — J.  J.  Sylvester,  Provisional  Report  on  the  Theory  <>i  T)<  ti  i  minanti;-^ 
Professor  Hotlges,  M.D.,  Report  on  ihe  G:i.«es  evolved  in  Stpcpin;;  F!:ix,  nnd  oii  ilie  Composition 
and  (Ecoiioiuy  uf  the  Flax  Plant; — Ihirtfenth  Report  ut  Cummittec  on  Experiment:*  un  the 
Growth  and  Vitality  <>f  Sesnh ; — Robert  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations; 
— John  P.  Bell,  M.I).,  OV  t  \  lions  on  the  Character  and  MeAsurements  of  ncirradation  of  the 
Yorkshire  Coast;  Fir!>t  Hepurt  of  Committee  on  the  Physical  Character  of  the  Mouu's  Sur- 
face, as  roinpared  with  that  of  the  Earth  ;—R.  Mallet,  Provisional  Report  on  Ilarthqvnke 
Wave-Transits;  and  on  Scismomptrical  Instruments; — William  Fair  bairn,  on  the  Mechanical 
Properties  of  Metals  as  derived  from  repeated  Meltings,  exhibiting  the  maximum  point  of 
Strength  and  the  caniet  of  detertontion  :-»Robert  Mallet,  Third  Beport  on  the  Facts  of  Barth- 
qunke  Phnenomcna  (continued). 

Together  with  the  Transactions  of  the  Sections,  Mr.  Hopkins's  Addre«s,and  Recommeoda- 
tlom  of  the  Aieodation  and  lu  Comnaitteet. 

PROCEEDINGS  of  the  TWENTY-FOURTH  MEETING,  «t  Uwrn- 
pool,  1854,  PubUML  at  18«. 

Contents: — R.  Mullet,  Third  Report  on  the  Fads  of  Earthquake  Ph«nomcna  Ccontinued); 
»Mi^or»G€neral  Chesncy,  on  the  Construction  and  General  Use  of  £fficieut  Life-Boat4; — Rev* 
Prof.  Powell,  Third  Report  on  the  present  State  of  our  Knowledge  of  Radiant  Heat <?o1onci 
Sabine,  on  some  of  the  results  obtained  at  the  British  Colonial  Magnetic  Observatories; — 
Colonel  Fortlock,  Report  of  the  Committee  on  Earthquakest  with  their  proceedings  respecting 
Seismometers ; — Dr.  Gladstone,  on  the  Influence  of  the  Solar  Radlationi  on  the  Vital  Powcn 
of  Plants,  Part  2; — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1853-54; 
—Second  Report  of  the  Committee  on  the  Physical  Character  of  the  Moon's  Surface  ; — W.  G. 
Armstrong,  on  the  Application  of  Water- Pressure  Machinery  ; — J.  B.  Lawes  and  Dr.  Gilbert, 
on  the  Equivalency  of  Starch  and  Sugar  in  Pood  ; — Archibald  Smith,  on  the  Dcviationt  of  tba 
Compass  in  Wooden  and  Iron  Ships iPoorteenth  Report  of  Committee  on  Experimeiita  on 
the  Growth  and  Vitality  of  Seeds. 

Together  with  the  Traoaactioni  of  the  Sections,  the  Barl  of  Harrowby'a  Addresi,  and  Bo* 
commendationa  of  the  Aaaodation  and  ita  Coromitteec* 

PROCEEDINGS  of  the  TWENTY-FIFTH  MEETING,  at  Glasgow, 
1665,  AUmM  ae  15f. 

CONTBMTS : — T.  Dobson,  Report  on  the  Relation  between  Exploaiona  in  Coal-Mines  and 
Revolving  Storms;— Dr.  Gladstone,  on  the  influence  of  the  Solar  Radiations  on  the  Vital  Powers 

of  Plants  growing  under  different  Atmospheric  Conditions,  Part  .'5 ; — C.  Spence  Rate,  on  the 
British  Edriophthuhna  ; — J,  F.  Bateman,  on  the  present  stale  oi  our  knowledge  on  the  Supply 
of  Water  to  Towns; — Fifteenth  Report  of  Committee  on  Experiments  on  the  Growth  and 
Vit:i!ity  of  Seeds  ; — Rev.  Prof.  Powell,  Report  on  OI)^ervations  ol"  Linnintius  Mcrcor.s,  1 854-55  ; 
—  Iteport  of  Committee  appointed  to  inquire  into  the  liest  uieans  of  ascei  t.ii  t,  i  ng  ihoMj  pro- 
perties of  Metals  and  effects  of  various  modes  of  treating  them  which  areoi  ii;  ['ortance  to  the 
durability  and  eflSciency  of  Artillery  ; — Hev.  Prof.  Henslow,  Hej»ort  on  Typical  Objects  in 
Natiual  History; — A.  FoUett  Osier,  Account  of  the  Self-Registering  Anemometer  and  Hain- 
Oauge  at  the  Liverpool  Observatory ; — Provisional  Reports. 

Together  with  the  Transactions;  of  the  Sections,  the  Dttka  of  ArgylVa  Addrcii^  and  RecOB" 
meudatioDS  of  the  Association  and  its  Committees. 

PROCEEDINGS  or  tub  TWENTY-SIXTH  MEETING,  at  Cbd- 
tenbam,  1856,  PubUtked  at  18f. 

Contents  ; — Report  from  the  Committee  appointed  to  investigate  and  report  upon  the 
effects  produced  upon  the  Channels  of  the  Mersey  ly  tl  e  altcrnt:ons  which  within  the  last 
fifty  years  have  been  iiiude  in  its  Banks; — J.  Thomitin,  Interim  Report  on  j»rogress  in  Re- 
searches on  the  Measurement  of  Water  by  Weir  Boards ; — Dredging  Report,  Frith  of  Clyde, 
1856; — Rev.  T?,  I'owell,  Report  on  Observations  of  Luminous  Meteors,  1855-1856; — Prot 
Bunsen  and  Dr.  11.  £.  Roscoe,  Photochemical  Researches ; — Rev.  James  Booth,  on  the  Xrigo- 
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nometry  of  ihe  Parabola,  nnd  the  Geometrical  Origin  of  Loparithms  ; — K.  MacAndrew,  Report ' 
on  the  Marine  Testacet)iis  Mollusca  of  the  Nurth-eait  Atlantic  and  Neighbouring  Seaa,  and 
die  phyneal  conditions  affecJing  their  development ; — P.  P.  Carpenter,  Report  on  the  preaent 
•Ute  of  onr  knowledge  with  retr  -r,!  V;  the  Mullusca  cif  the  West  Coast  of  North  America;— > 
T.  C.  Eyton,  AUtract  uf  First  itcpurt  on  the  Oyster  Beds  and  Oysters  of  the  British  Shores  ( 

-Ptuf.  Phillips,  Report  on  ClesTsge  and  FoIUdon  In  Rodis»  and  on  tfic  Th«oi«ricd  Bxpla- 
nations  ofthe^e  Ph.xnomena  :  Part  I.; — Dr.  T.  Wright  on  the  Strat^^'rayiMril  ]>i  tiibution  of 
the  Oolitic  Echinodermata ; — W.  Jfairbaim,  on  the  TetisiJe  Strength  of  Wrought  iron  at  varioua 
TenopetttUMs C.  Athctton,  on  Mareantila  Steam  Transport  Bcooomy  \r-J.  8.  Bowcrbank,on 
tlie  Vital  Powers  of  the  Spongiadas; — Report  of  a  Committee  upon  the  Experiments  conducted 
at  Stonnontfield,  near  Perth,  for  the  artificial  propagation  of  Salmon ; — Provisional  Report  on 
th«  If easoicment  of  Ships  for  Tonnage ; — On  Typical  Forms  of  Minerals,  Plants  and  Animals 
for  M  useums ;— J.  Thomson,  Interim  Report  on  Progress  in  Hcsearches  on  the  Mearan* 
nient  of  Water  by  Weir  Boards; — R.  Mallet,  on  Observations  with  the  Seismometer ; — A. 
Cuyley,  on  the  Progress  of  Theoretical  Dynamics  ; — Report  of  a  Cuiumittee  appointed  to  con- 
sider the  formation  of  a  Catalogue  of  Philosophical  Memoirs. 

Together  with  the  Transactions  of  the  Sections,  Or.  Daobeny't  AddrctS,  and  RmooH 
utendations  of  the  Association  and  its  Committees, 

PROCEEDINGS  of  the  TWENTY-SEVLMli  MEETING,  at  Dab- 
hn,  1857,  JhAHM  al  15i. 

CoNTKNTtt-^A.  Cayley,  Report  on  the  Recent  Progress  of  Tbeotetlcal  Dynamics Six* 

tecnth  and  final  Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  ; 
— James  Oldham,  C.E.,  continuation  of  Report  on  Steam  Navigation  at  Hull; — Report  of  a 
Cominittea  on  the  Defects  of  the  present  methods  of  Measuring  and  Registering  the  Tonnage 
of  Shipping,  as  alto  of  Marine  Engine-Power,  and  to  frame  more  perfect  rules,  in  order  that 
a  correct  and  uniform  principle  may  be  adopted  to  estimate  ihc  Actual  Carrying  Capabilities 
and  Working.Power  of  iitcaro  Ships; — Robert  Were  Fox,  Kcport  on  tiie  Temperature  of 
•omc  Deep  Mines  in  Cornwall}— Or.  G.  PJaifi  De  quelqnes  Transformations  de  la  Somnit 

^0  ^<  +  J  t\  i- 1         "        entler  negatif,  ct  de  qnelqnes  ess  dans  lesquels  cette  sorome 

est  cxpriroable  par  unc  combinasion  de  factorieiles,  la  notation  a'l  +  l  d^ignant  le  produit  des 
Ifaetenrs  a  (a-fl)  (a-\-'2)  ftc....(a'f#-- 1);—0.  Dickie,  1I.D.,  Report  on  the  Marine  Zoology 

of  Stranpfcird  Lough,  County  Down,  and  corresjionding  part  of  the  Irish  Channel; — ClMrlc^ 
A  therton.  Suggestions  for  Statistical  Inquiry  into  the  extent  to  which  Metcantile  Steam  Trans- 
port Economy  u  afteted  by  the  Constructive  Type  of  Shi]) ping,  as  respects  the  Proportions  of 
Length,  Breadth,  and  Depth  ; — J.  S.  Bowerbank,  Further  Report  on  the  Vitality  of  the  Spon- 
giadn  ; — John  P.  Hodges,  M.D.,  on  Flax; — M^jor-General  Sabinr-,  l^eport  of  the  Committee 
on  the  Magnetic  Survey  of  Great  Britain ;— Rev.  Baden  Powell,  iUport  on  OlMerTatlons  of 
Luminous  MeteOfS,  l  Kr)<]-57;— C.  Vignoles,  C.K.,  on  the  Adaptation  of  Suspension  Bridges  lo 
sustain  the  passage  of  Railway  Trains ; — Professor  W.  A.  MilU  r,  M.I).,  on  Klectro-Chemistry ; 
—John  Simpson,  R.N.,  Results  of  Theruiomelrical  Olji.crvations  made  at  the  'Plover's' 
Wintering.place,  Point  Barrow,  latitude  7 1"  21'  N.,  long.  156«  17'  W.,  in  J852-54  Charloi 
Jnmc!:  llargrave,  LL.D.,  on  the  Algehraic  Coviplo  ;  and  on  the  Equivalents  of  Indeterminate 
Expressions; — Thomas  Grubb,  Report  on  the  improvement  of  Telescope  and  Equatorial 
Mountings  ;~Professor  James  Bneltman,  Report  on  the  Experimental  Plots  in  the  Botanical 
Harden  of  the  Royal  Apricnlttiral  Collrf^c  at  Cirencester  ; — William  Fairbaim  on  the  Resisinnre 
of  Tubes  to  Collapse ; — George  C.  Uyndman,  Report  of  the  l*roceedingsof  the  Belfast  Dredging 
Committee ; — Peter  W.  Bat-low,  on  the  Medianical  Bffhct  of  oorohining  Girders  and  Suspen- 
sion Chains,  and  a  Comparison  of  the  Weight  of  Metal  in  Ordinary  and  Suspension  Girde  rs, 
to  produce  equal  deflections  with  a  given  load ; — J.  Park  Harrison,  M.A.|  Evidences  of  Lunar 
Influence  on  Temperature; — Report  on  the  Animal  and  Vegetable  Prodnets  impoftad  Inlv 
Liverpool  from  the  year  IK.'jI  tu  1855  (inclusive); — Andrew  Henderson,  Report  OD  tho  Stl* 
listics  of  Life-buats  and  I"i!>hin;^'- l»o:it^  on  the  Coasts  of  the  United  Kinsrdom. 

Together  with  the  Tran.suctiuns  of  the  Si-clions,  Rev.  H.  Lloyd's  AdUrcsS|  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  op  the  TWENTY-EIGHTH  MEETING,  at  Leedi, 
September  1858,  Published  at  90s. 

CoxTF.NTs: — R.  Mallet,  Fourth  Report  upon  the  Farts  and  Theory  of  Earthquake  Phe- 
nomena ; —  Hcv.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1857-58 ; — R.  H. 
Meadei  on  some  Pmnts  in  the  Anatomy  of  the  Aianeidea,  or  true  Spiders,  especially  on  fbe 
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internal  tUruclure  of  tbeir  Spinning  Organs; — W.  Fairbairn,  Report  of  the  Committee  on  tlie 
Faient  Laws;«— S.  Eddy,  on  the  ImA  Mining  Dletriet*  of  Yorictliire  ; — W.  Falrbairn,  oa  tkm 

Collapse  of  Glass  Globei  and  Cylinders ; — Dr.  C.  Terceval  Wright  and  Prof.  J.  Reay  Greeoc^ 
Report  on  the  Marine  Fnuiia  of  t!io  South  and  West  Coast:!  of  Irebnd  ; — Pr.jf.  J.  Thomson,  on 
ExpcriiUvints  on  the  Measurement  of  Water  by  Triangular  Notches  in  Weir  Lioards Hajor- 
General  Sabine,  Report  ^  i  ilie  Committee  on  the  Magnetic  Survey  of  Great  Britain i<—MicluiH 
Connal  and  William  KcU  lic,  Report  on  Animal,  Vegetable,  and  Mineral  Substance";  imported 
from  Foreign  Countnei  mto  tiie  Clyde  (meluding  the  Porta  of  Glasgow,  Greenock,  and  Port 
Glasgow)  in  the  years  1853, 1854, 1855, 1856,  and  1857  j^lUpoitof  the  Committee  on  Ship« 
pin;:  St:uistic.<; — Rev.  H.  Lloyd,  D.D.,  Notice  of  the  Instruments  employed  in  the  Mng- 
netic  Survey  of  Ireland,  with  some  of  the  Results; — Prof.  J.  R.  Kioahan,  Report  of  Dubltn 
Dredging  Committee,  appointed  1857-58 ^— Prof.  J.  R.  Kinahan»  Report  on  Crtutaeea  of  Dub- 
lin District; — Andrew  Henderson,  on  River  Steamers,  their  Form,  Construction,  and  Fittiii^-s, 
with  reference  to  the  necessity  for  improving  the  present  means  of  Shallow-Water  Navigatioa 
on  the  Riven  of  Brttith  India ;>-George  C.  Hyndman,  Report  of  the  Belfiut  Dredging  Com- 
mittee ;— 'Appendix  to  Mr.  Vignoles'  paper  "  On  the  Adaptation  of  Suspension  Bridges  to  sus- 
tain  the  passage  of  Railtvay  Trains ;" — Report  of  the  Joint  Committee  of  the  Royal  Society  and 
the  British  Association,  for  procuiing  a  continuance  of  the  Magnetic  and  Meteorological  Ob* 
•ervatortes; — R.  Becklcy,  Description  of  a  Self- recording  Anemometer. 

Together  with  the  Tmn  trtion^^  of  the  SectioQSf  Pfo£  Owca'a  AddretSi  and  Beoomaaeada* 
tions  of  the  Association  aiul  Us  Cuinmiltccs. 

PROCEEDINGS  of  the  TWENTY-NINTH  MEETlNG,at  Aberdeen, 
September  1S59,  Pull  is/ted  at  \5s. 

Contents: — George  C.  Foster,  Fr-Ii  mi  nary  Report  on  the  Recent  Pm^rrrf^  and  Prptent 
State  of  Organic  Cheroistrv ; — Professor  Bucltnian,  Report  on  the  Growth  of  FUnis  in  the 
Garden  of  the  Royal  Agrieoitural  College,  Cimieeeter;— Dr.  A.  Voelcker,  Report  on  Fidd 
Experiments  and  Laboratory  Researches  on  the  Constituents  of  nr.  s  C5^c  i  tl  il  f  i  cultivated 
Crops >.A.  Thomson^  Esq.  of  Banchory,  Report  on  the  Aberdeen  Industrial  Feeding  Schooia; 
— Oa  the  Upper  Silurians  of  Lesmahago,  Lanarkshire ; — .Mphenae  Gages,  Report  on  th«  Be* 
suits  obtained  by  the  Mcclianiro-Chemical  Examination  of  Rocks  and  Minerals William 
Fairbairn,  Experiments  to  determine  the  Efficiency  of  Continuous  and  Self-acting  Breaks  for 
Railway  Trains; — Professor  J.  R.  Kinahan,  Report  of  Dublin  Bay  Dredging  Committee  for 
1858-59  ; — Rev.  Baden  Powell,  Report  on  Observations  of  Luminous  Meteors  for  1S58-59; 
~Profi'Ssor  Owen,  Report  on  a  Serif>?  of  Skulls  of  varioui  Tribe-  of  M  itikind  inb-ibit'n* 
Nepal,  collected,  and  presented  to  the  iiniish  Musouui,  by  Bryan  II.  Hodgson,  i-.sq.,latc  lic- 
sident  in  Nepal,  &c.  ^e.  S-»Mcssrs.  Ifaakelyno,  lladow,  Hnrdwich,  and  Llewelyn,  Report  om 
the  Present  State  of  our  Knov\  Iedj;e  repardiug  the  Photograpliic  Image  ;—Q.  C.  Hyndman, 
Report  of  the  Belfast  Dredging  Committee  for  1859 >Jamcs  Oldham,  Continuation  of  Report 
of  the  Progress  of  Steam  Navigation  at  Hull Charles  Atherton,  Mercantile  Steam  Tnsm- 
port  Economy  l^  nffectcd  by  the  Consumption  of  Coals; — Wnrrcn  de  la  Rue,  Report  on  the 
present  state  ot  Celestial  Photography  in  England; — Professor  Owen,  on  the  Orders  of  Foasil 
and  Recent  Bcptilia,  and  their  Dialrilitttion  in  Time;— BslAnir  Stewart*  on  lome  Beiulta  of  the 
Magnetic  Survey  of  Scotland  in  the  years  1857  and  1S39,  undertaken,  at  the  rc(iuest  of  the 
British  Association,  by  the  late  John  Welsh,  Esq.,  F.R.S.i— >W.  Pairbairn,  The  Patent  Lasva: 
Report  of  Committee  on  the  Patent  Laws;—* J.  Park  Harrison,  Lunar  Influence  on  the  TeiB* 
perature  of  the  Air; — Balfour  Stewart,  an  Account  of , the  Construction  of  the  Self-recofdiBif 
Mi?nptoj»rnplH  at  present  in  operation  at  the  Kcw  Observatory  of  the  British  A^sociaijon 
i'rot.  li.  J.  Stephen  Smith,  Report  on  the  Theory  of  Numbers:  Part  I.; — Report  of  the 
Committee  on  Steam-ship  performance; — Kf  port  of  the  Proceedings  of  the  Ralloon  Committee 
of  the  Bri!isb  Association  appointed  at  the  Meeting  at  Leeds; — Prof.  William  K.  Sullivan, 
Preliminary  Report  on  the  Solubility  ot  Salts  at  Temperatures  above  100^  Gent.,  and  on  the 
Matnal  Action  of  Salu  in  Solution. 

Togethrr  uith  the  Transactions  of  the  Sectiotti,  Prince  Albert**  AdJrtii,  and  RacowwaenJn* 
tiona  of  the  Association  and^iu  Committees. 
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